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■ PREFACE. 

The great interest that surgeons and pathologists 
are experiencing in the study and treatment of 
diseases of the thyroid and parathyroid glands 
seems to justify the production of the present 
volume, which has been planned to bring to the 
practitioner of surger\" and medicine the result of a 
study of the work of those who have given much 
time to the development of this special field. It 
also includes the clinical and technical personal ex- 
perience in the surgical treatment of a large number 
of patients suffering from diseases of the thyroid 
gland which have come under the care of the senior 
author during the past twenty years. It has seemed 
proper to give special emphasis to details which 
have practical value in the diagnosis and treatment 
of exophthalmic goitre, because in this matter this 
book will probabh' have its greatest field of use- 
fulness. 

In the chapter on thyroid pathology the attempt 
has been made to simplify as much as possible our 
understanding of goitre. A basis for a clinical and 
pathological correlation of the symptoms and mor- 
phological changes in the thyroid gland in exoph- 
thalmic goitre has been offered by Dr. Louis B. 
Wilson, and we have taken full advantage of his 
excellent study of the subject. Wc are also in- 
debted to Dr, Wilson for several ilhistrations which 
accompany the text. The organization of surgical 
clinics has made possible, by the proper relationship 
of surgeon, internist and pathologist, not only the 
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most satisfactory treatment, but also the most 
advanced pathological study of this disease that we 
are able to offer at the present time. 

An apology for the compilation of the main facts 
regarding the parathyroid glandules here presented 
is not necessary. These vital organs have been too 
long neglected, both in medical text books and in 
medical teaching. Most students have never seen 
the parathyroid glandules, and there is no text book 
that devotes more than a brief paragraph to these 
bodies — organs that are necessary for the mainte- 
nance of life. In fact, tmtil the excellent chapters of 
Dr. George Dock appeared in Osier's Modem Medi- 
cine even the more exhaustive books had practically 
disregarded these glandules. 

The author of this section of the book wishes to 
express his indebtedness to Professor Ludwig Pick, 
Director of the Pathological Institute, Friedrichs- 
hain, Berlin, for assistance and stimiolation which 
has led to the accomplishment of much of the 
original work by the author that is included in 
these chapters. 

The section of the book on the thyroid gland, with 
the exception of the chapter on pathology, is written 
by the senior author ; this chapter and the section on 
the parathyroid glandules are by the junior author. 

A. J. OCHSNER. 

R. L. Thompson. 
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CHAPTER I. 



THE SURGICAL CONSIDERATION OF THE 
THYROID GLAND. 



INTRODUCTION. 

The first decade of the present century has added 
the treatment of the diseases of the thyroid gland 
to the surgical side of our art. This applies more 
especially to that form of disease which had been 
most discouraging heretofore, and which now is one 
of the most satisfactory conditions in the field of 
major surgery- — namely, tlie disease generally known 
in America as exophthalmic goitre. 

Although the diagnosis is practically never diffi- 
cult at the time at which these patients come into 
the care of the surgeon, still it has seemed to be of 
great importance to discuss extensively the diagnosis 
and differential diagnosis, and with this the history, 
etiology, symptomatology and physical findings. 

The treatment, after-treatment and prognosis will 
be considered in detail, and special care will be taken 
in making clear the points in the technic that seem 
of importance in making the operative treatment 
safe and the results immediately and ultimately 
successful. 
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10 THVEOID GLAND 

In the search for support for the various ideas in- 
corporated in this volume in the Hterature of the 
subject there have been encountered in the original 
and in abstracts and references nearly twelve hundred 
monographs, articles and case reports, less than ten 
per cent, of these being sui:gical. 

It would be quite useless to enumerate these and 
many others which a further search of the literature 
would reveal, and consequently only those have been 
added to the bibliography that have aided very 
materially in the development of the surgical side 
of the subject. 

HISTORY , 

The surgical history of the diseases of the thjrroid 
gland is extremely me^er before the last quarter 
of the past century, when the remarkable w-ork of 
Theodor Kocher attracted the attention of the entire 
surgical world by his practical demonstration — first 
in a few, then in hundreds and later in thousands of 
cases — that thyroidectomy, if performed skillfully, is 
not the extremely dangerous operation that the 
earlier surgeons had pictured. 

He eliminated the principal dangers — namely, those 
from anassthesia, .sepsis, hieniorrhage, shock, hyper- 
thyroidism, cachexia strumipriva, injury to the re- 
current laryngeal nerve and injury to the para- 
thyroid glands — and gave us relatively an exceed ingly 
safe surgical procedure. In many of these fcfitures, 
and especially in many of the details, much impor- 
tant support came from other sources. 

Moebius supplied a most important element for 
the rational surgical treatment of the important 
class of exophthalmic goitre by his logical and con- 
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HISTORY 11 

vincing studies, which made it clear that in this dis- 
ease there is absorption of an excessive amount of 
substance secreted by a diseased gland, which enters 
the general circulation through the lymphatic system. 

This important element will be referred to at 
lei^h at the proper place. In connection with this 
part of the history of this subject it is proper to 
state that Rehn pointed out just a quarter of a 
century ago the splendid effect of surgical treat- 
ment on ■ exophthalmic goitre, and Tillaux had 
pointed out similar results four years earlier in the 
year 1S80, although he had no definite theory by 
which he could explain the great benefit obtained 
by excision of the gland. There can be no doubt, 
however, that the sui^ical treatment of exoph- 
thalmic goitre resulted (Hrectly from the surgical 
work of Kocher in simple goitre and the pathological 
and physiological explanation of Moebius. 

In this as in most other instances, the benefit of 
operative treatment of exophthalmic goitre was 
first observed accidentally in cases in which the 
goitre was removed, not to cure this disease, but to 
relieve pressure or deformity. 

To the development of the technic much has been 
added by the work of Dr. C. H. Mayo, of this country, 
who has the largest personal experience in the treat- 
ment of exophthalmic goitre at the present time. 

The subject of exophthalmic goitre in its clinical 
aspect dates back much further than the entire sub- 
ject does in the surgical aspect. As early as 1786, 
more than one and a quarter centuries ago, Parry 
described this disease clearly, and in the year 1800 
an Itahan physician of the name of Flajani de- 
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12 TIIYKOIU GLAND 

scribed a disease much less clearly which undoubted- 
ly represented the same condition. In the year 1828 
Adelmann directed attention to the goitre heart. 

In the year 1835 Graves described this disease in 
his lectures, which were published in book form 
eight years later — hence the name of Graves' disease. 
This description was so clear that it was accepted as 
typical by English speaking physicians throughout 
the world. 

In 1840 V, Basedow described this disease in Ger- 
many, and since then it has been known as morbus 
Basedowii, although the term was not formally 
adopted until 1858, following the suggestion of 
Hirsch. 

From the standpoint of symptomatology and 
diagnosis the observations of Charcot in 1856, those 
of V. Graefe in 1864, those of SteUwag in 1865, those 
of Marie, beginning in 1856 and continuing for a 
period of forty years, seem to be of special impor- 
tance, and will be considered fully in the discussion 
of that portion of our subject. In 1873 Gull de- 
scribed myxoedema. In 1882 Kocher established the 
fact that this condition can be brought about regu- 
larly by removing tjie entire thyroid gland — hence 
his introduction of the term cachexia strumipriva. 
The most important historical data regarding this 
portion of our subject, however, seems to be that 
Moebius was able in 1886 to permanently establish 
the fact that exophthalmic goitre is a "form of 
poisoning of the body through a diseased activity of 
the thyroid gland," and not a diseji.st' (hie to some 
primary icsioii of the central ncrvuus system, es- 
pecially the medulla oblimtjata; neither a disease 
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due to a pathological condition of the sympathetic 
nervous system, nor a form of hysteria. It is a disease 
due to a pathological development in the thyroid 
gland itself. From the surgical standpoint the cor- 
rectness of this theory had already been proven by 
the cure of many patients suffering from this disease 
whenever the diseased gland has been removed. 
There are two publications, one published in France 
by Tillaux in 1880 and the other in Germany by 
Rehn in 1884, which seem of specially great his- 
torical interest. The establishment of technic which 
ensures safe and permanent surgical treatment 
belongs to our contemporary surgeons. 
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CHAPTER II. 



THE PATHOLOGY OF THE THYROID GLAND. 



The function of the thyroid gland is to furnish 
an internal secretion, which is not only important, 
but indispensable, for the building up and mainte- 
nance of the organism. A lack of this material 
leads to nutritional disturbances (myxcedema or 
cachexia), and its overproduction to nervous phe- 
nomena (exophthalmic goitre). Therefore, in astudy 
of this oi^an we are most interested in the condi- 
tions which give rise to a diminution, an increase, 
or a perversion of this important function. 

A new field for study was offered in the experi- 
mental problems that suggested themselves in con- 
nection with thyroid function, which was opened by 
the discovery of Kocher and of Reverdin, that ex- 
tirpation of the thyroid was followed by severe 
cachexia. At first these experiments were compli- 
cated by a lack of knowledge of the parathyroid 
glands, but that subject has now been made clear 
by a more exact study of the latter organs, which 
will be discussed in other chapters. Then came the 
observation of the efficacy of mouth administered 
thyroid extracts as a substitute for the gland itself, 
and then the discovery that the thyroid possessed a 
marked power of rej;eneration when transplanted — 
suificient, indeeil. toact permanently for a removed or 
diseased oi^an. 
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THE PATHOLOGY OF THE THYROID GLAND 15 

Our knowledge of hyperthyroidism has been in- 
creased by the ability to study glands removed at 
various stages of Graves' disease, but the compli- 
cated phenomena that occur in connection with the 
reaction of thyroid diseases on the organism as a 
whole stiU offer a rich field for investigation that 
may well lead us into a consideration, not only of 
cretinism and exophthalmic goitre, Init also of such 
conditions as certain neuroses, psychoses anfl der- 
matoses, rickets and osteomalacia, obesity, and allied 
conditions. 

Anatomy. The thyroid gland consists of two 
lateral lobes, connected by a narrow strip called the 
isthmus. Each lateral lobe is somewhat pyramidal 
in form, ani possesses an antero-extemal, inner and 
posterior surface. These surfaces come together, 
forming the apex, over the upper posterior part of 
the body. The lower end of the lateral lobe is thick 
and rounded. The isthmus usually crosses the second 
and third rings of the trachea. It varies in size, and 
is sometimes absent. A projection may extend up 
from either the isthmus or one of the lateral lobes, 
which is known as the pyramidal process of the 
gland. The inner surface of the lateral lobes lies 
against the trachea, the cricoid cartilage and the 
lower part of the thyroid cartilage, and reaches 
back to the cesophagus. 

Consideralile variation is found in the gross blood 
supply of the thyroid gland. In general, however, 
we find the superior thyroid artery approaching the 
gland at the upper pole, and the inferior thyroid 
artery approaching from l)eneath the gland. These 
main arteries (superior and inferior thyroid) run 
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16 THYROID GLAND 

along the margin of the gland and form anastomoses, 
which vary considerably in different th3T:oids (as has 
been described in detail by Landstrdm). Branch- 
ing of the large arteries is mostly upon the surface 
of the gland; only smaller branches penetrate the 
tissue. Small arteries pass between the lobules, and 
give off branches which supply the lobule; these, in 
turn, divide to supply the individual follicles. The 
follicular arteries end in a capillary network. The 




Fig. 1. Scheme showing the origin of the different br&nchial 
epithelial bodies. 1, 2, 3, 4, 5, branchial groovee. a, median thyroid, 
b, l&teral thyroids, f, thymus, dl, outer parftthyroids. d2, inner 
parathyroids. 5, rudiraeutary parathyroid of Getiowa. (Modified 
front AHchoff.) 

■veins follow the same course as the arteries to the 
surface of the gland. They are rich in anastomoses. 
The lymph spaces in the thyroid are found out- 
side the capillary network which surrounds each 
follicle. They connect with larger trunks which run 
between the lobules into still larger ones between 
the lobes, and, following the course of the blood 
vessels, finally form a rich Ijmiphatic network 
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THE PATHOLOGY OP THE THYROID GLAND 17 

beneath the capsule of the gland. . The further 
lymphatic drainage is usually described as following 
out the blood vessels, one trunk passing upward and 
the other passing downward. 

The thyroid gland arises from a median unpaired 
evagination of the epitheUum of the front wall of 
the throat in the vicinity of the second visceral arch. 
This detaches itself from its place of origin and 
wanders down the neck, to merge finally with the 
second points of origin, which are from the epithelium 
of the fourth visceral cleft, and which wander up- 
ward somewhat and form a portion of the lateral 
thyroid bodies. 

At first the proliferating cell masses form a net- 
work of solid cords, which later become separated 
into round masses, with a lumen. The cells arrange 
themselves as a lining to the lumen, which finally 
becomes somewhat enlarged and, through secretion 
of the cells, filled with colloid. Thesemature, rounded, 
closed spaces are called follicles. In the adult 
thyroid the epithelial cells lining the follicles may 
be columnar, cuboidal, or flat. The colloid varies in 
amount and staining reaction, as will be described 
later on. The follicles are surrounded by connective 
tissue, carrying blood and lymphatic vessels, as has 
been described. The capsule, as well as the lobular 
partitions of the gland, is made up of dense con- 
nective tissue. 

Between the follicles, especially in the new bom, 
one finds frequently rests of foetal tissue, appearing 
in strands and small masses. It is from these cells 
that the so-called fcetal adenoma are supposed to 
arise. 
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18 THYROID GUND 

Abnormalities of DeTelopmeiit Either a part of 
the thyroid or the whole gland may be lacking. 
The pyramid or the isthmus not infrequently pre- 
sents imusual forms, or there may be ooiiq)lete lac& 
of development of these parts, as well as absence of 
one of the lateral lobes. Aplasia, or complete ab- 
sence of the thyroid gland, gives rise to sporadic 
cretinism or congenital myxoedema, in contradis- 
tinction to the endemic variety found in certain re- 
gions, in which the gland, present at birth, later 
undergoes atrophy. 

Accessory thyroid nodules are frequently found, 
sometimes lateral to the thyroid, but nujre commonly 
in the neighborhood of Hie byoid bone, or they may 
be below the gland as far down as the aortic aich, 
behind the sternum. Rarely they are found within 
the larynx or trachea. The accessory thyroids are 
of the same histologic structtu% as the thyroid gland . 
itself; goitre and tumors may develop from them, 
just as from the main gland. 

Failure of closure of the thyroglossal duct may 
give rise to cysts, fistulae or tumor formation. 

Circulatory Disturbances. The th^toid gland has 
an extremely rich blood supply — so rich, in fact, 
that when its vessels are overfilled (hyperasmia) the 
gland may be notably increased in size. This great 
development of blood vessels which the gland pos- 
sesses, combined with its proximity to the larger 
neck vessels, caused some of the older authors to ' 
believe that the thyroid was a sort of safety valve 
for regulating the circulation of the brain. 

Of more interest is the physiologic active hyperae- 
mia of the gland, which stands in close relation- 
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ship to the genital organs, especially of the female. 
A visible enlargement of the gland may occur in 
connection with menstruation, during pregnancy, 
after coitus, and especially after defloration. Cases 
have also been reported where a distinct goitre was 
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Fig. - Ul'l, -i((!jp|i', iliiriijf, >y]ii|itiimli-ss goitre. Epilheiium 
degenerated inid the distended follicles liiled with thiek, staiiiable 
cofioid. Calcareous degeneration in places. (Louis B. Wilaon,) 

present during the periofJ of conception, which sub- 
sided with the bq^inning again of menstruation. 
This sexual hyperEemia of the thyroid is so constant 
that in certain southern coimtries zealous mothers 
measure the neck of the bride before and after the 
marriage night. 
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, Hsemorrhage is more frequently found in goitre 
than in the normal thyroid, althoiagh any trauma of 
the thyroid may result in hamorrh^e into the acini 
or into the stroma of the gland. 

Infarction and embolism of the thyroid can be 
practically disr^arded owing to the free anasto- 
moses in this organ. 

Passive congestion of the thyroid may occur, but 
it rarely causes changes of importance. Destruction 
of the blood supply of the gland, as by l^ation of 
the thyroid arteries, leads to atrophy of the thyroid. 
This ligation of the thjToid arteries was first prac- 
ticed for the treatment of goitre by Wolfler in 1886. 
The possibility of leaving in the neck a b^inning 
malignant growth instead of a simple goitre was an 
objection urged at once by von Berginann against 
this operation. 

Inflammation. Primarj'' acute inflammation of 
the thyroid gland (thjrroiditis) is almost never seen. 
Acute inflammation of a goitrous gland may be 
occasionally observed. In general septicjemia, with 
involvement of various organs, the thyroid is rarely 
included, as it is one of the most resistant of all the 
tissues. However, in connection with certain in- 
fectious diseases, acute inflammation of the thyroid 
has been described. So we find an occasional rare 
case of thyroiditis reported following such infections 
as puerperal fever, influenza, typhoid fever, diph- 
theria, erysipelas, orchitis, acute articular rheuma- 
tism and similar infections. 

These acute inflammations, when they do occur, 
are usually purulent. Pus accumulation (abscess) 
is found in the majority of these cases. Rupture of 
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the abscess and healing by cicatrization may occur, 
or simple resolution may take place. Sometimes 
abscesses may rupture into^ the trachea, oesophagus 
or mediastinum, causing death. 

Gai^rene as a result of acute infection has occurred, 
but such an outcome is extremely rare. Perhaps 
seven or eight such cases have been reported. A^ 
sufficiently rare to be of interest are the few cases 
where thyroid destruction by acute inflammation 
has been sufficient to cause symptoms of myxoedema. 

Chronic Inflammation. Chronic interstitial thy- 
roiditis may be found in very young individuals 
(primary infantile atrophy) or in older individuals 
without giving rise to any symptoms of hypothy- 
roidism. In such cases the gland is diminished in 
size and the parenchyma is replaced to a greatei- or 
less extent by connective tissue. 

The atrophy of old age is to be distinguished from 
the sclerosis due to a chronic inflammatory process, 
although the increase in stroma and decrease in 
colloid and epithelial elements gives practically the 
same histologic picture. 

The thyroid has been found atrophic in sclero- 
derma (Hektoen) and in icthyosis (Moore and War- 
field). 

Tuberculosis. Tuberculosis of the thyroid is a 
comparatively rare findii^, but careful search of the 
gland will sometimes reveal tubercular foci in con- 
nection with cases of wide-spread general tubercu- 
losis, especially acute miliary tuberculosis. Fraenkel 
found the thyroid involved six times in fifty cases, 
the lesions usually appearing as miliary tubercles, 
although rarely a large caseous nodule was found. 
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THYROID GLAND 



The tubercles arise in the interstitial tissue between 
the follicles. The latter are compressed, stellate 
at times, with their walls pressed together, and their 
content and lining epithelium degenerated or lost 
altogether. 

Ruppanner has recently described, in addition to 




Fig. 3. Very eiirly, mild Gruvys' dii'tase. Sections show snuill 
intru-alvcolar parenchynift iiicTf^asc, with small amount ot thin Becrc- 
tion. (Louw ]i. Wilson.) 

the interstitial fonii, an intrafollicular tubercular 
process in the thyroid, and also differentiates between 
miliary and chronic tuberculosis of the gland. 

Syphilis. Syphilis ol the thyroid gland is much 
more rare at tlie present (.lay than it was I'ormerly, 
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Practically the only instances seen now are in con- 
nection with visceral syphilis of infants, in which 
the thyroid may show pea-sized, or smaller, gum- 
matous nodules, grayish red or grayish yellow in 
color, with typical microscopic structure, such as 
new formation of connective tissue, with lymphoid and 
plasma cell infiltration and destruction of paren- 
chyma, but showing less tendency to necrosis than 
the tubercular nodules. 

Certain cases of general thyroid enlargement in 
connection with tertiary syphilis have been reported, 
which disappeared under syphilitic treatment, but 
recurred with the other symptoms on discontinu- 
ance of the treatment. 

Degeneration and Infiltration. While various 
forms of degeneration may occur in the normal 
thyroid, these processes are much more frequently 
met with in goitre, and are sometimes so marked as 
to give the title of the degeneration to the goitre — 
e. g., "calcified goitre." a term that is lacking in the 
true significance of the process. 

Slight parenchymatous changes have been de- 
scribed in connection with acute infectious diseases, 
but the thyroid is so variant in its histology that it 
is difficult to state when such changes are actually 
present. Thus Torri described hypersecretion of 
colloid and new formation of epithelium, which goes 
on to progressive changes if the disease is long con- 
tinued, in connection with acute infections. 

Hyaline degeneration is of little importance, and 
fatty change is rarely observed, save in degenerated 
areas, especially of goitres. The epithelium of the 
thyroid normally contains some fat (Erdheim). 
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Calcification, and at times ossification, is seen, par- 
ticularly in old ^e. In goitre, calcified areas axe 
very common. Old cyst walls may be completely 
infiltrated with lime salts. 

Amyloid infiltration .may be found in connection 
with cases of amyloidosis, buf is much less often 
present in the thyroid than in the liver, spleen and 
other parenchymatous organs. It is found, when 
present, deposited in the walls of the arteries and in 
the stroma of the gland. 

Hypothyroidism. Lack of thyroid function, as ' 
brought about by cor^enital defect or d^eneration, 
or removal of the thyroid gland, is followed or ac- 
companied by certain disturbances, the most com- 
mon of which are swelling of the subcutaneous 
tissues, falling of the nails and hair, stupidity, idiocy 
and skeletal disturbances. The various cases that 
come under this head lend themselves to the fol- 
lowing classification (Ewald). 

1. — Endemic Cretinism, a chronic disease found 
in regions where goitre is endemic, manifesting itself 
through skeletal deformity, skin and subcutaneous 
tissue changes, lack of genital development, diminu- 
tion in intellect and sense function. Such cases 
show changes in the thyroid gland, consisting of 
partial or complete degeneration, which maybe either 
atrophic or goitrous in its inception, or, as Getzowa 
has described, cases are found in which atrophic 
areas and goitrous d^enerated nodules alternate 
in the same gland. 

2, — Spora(]ic Cretinism, a similar condition to the 
above, due to congenita] absence of the th^Toid 
gland (thyroaplasia) . 



yGoot^le 



THE PATHOLOGY OF THE THYROID GLAND 25 

3. — Infantile myxcedema, due to acquired loss or 
perversion of thyroid function in the early years of 
life, and therefore showii^ greater or less severity of 
symptoms, according to the amount of functional 
disturbance of the gland. Under this head may be 
included the abortive cases of myxcedema (myxce- 
deme fruste). 

4. — ^Adult myxcedema, a spontaneous hypo, or 
athyreosis of adults. In these cases the thyroid gland 
is usually diminished in size and atrophic, pale yel- 
lowish white in color, firm in consistence. Micro- 
scopically the parenchyma is replaced by dense 
fibrous tissue. Degenerated epithelial cell nests, 
small cysts containing fat and cholesterin, and areas 
of lymphoid and plasma ceU infiltration may be 
found. In addition to the changes in the thyroid, 
peculiar changes are fotmd in the corium . (thicken- 
ing and fracture of the connective tissue fibres, in- 
filtration with gelatinous like material). 

5.— Operative myxcedema (cachexia strumipriva 
or thyropriva), a condition due to the operative 
(complete) removal of a goitre or the normal thyroid 
gland. This latter condition has been fully dis- 
cussed in the chapters on the parathyroid glands. 

Hypertrophy (Goitre). Although we can not al- 
ways make a sharp distinction between new growth, 
in the tumor sense, and hypertrophy, especially in 
the circumscribed forms as they occur in the thyroid 
gland, still the ordinary goitre (struma) probably 
best lends itself to the above classification. 

We recognize two main forms of hypertrophy or 
simple goitre: 1, diffuse; 2, nodular. 
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In diffuse goitre we have a uniform enlaigement 
of the thyroid gland, or perhaps one lobe_ of the gland 
is frequently considerably more enlarged than the 
other, but presents no circumscribed nodules difEer- 
ing in structure from the rest of the lobe. Occasion- 
ally, however, a ii-ore rapidly proliferating area may 
be encountered in such a thyroid than is shown in 
the adjoining tissue, but such areas are not sharply 
bounded. 

This diffuse type of hypertrophy may show itself 
in two forms: (a) Colloid goitre. In this type the 
amount of colloid is so greatly increased that the 
follieles of the gland are often greatly dilated, and the 
epithelium lining the same more or less flattened, or 
finally completely destroyed, by the pressure of the 
increased colloid content. The septa between neigh- 
boring follicles may be broken through by strong 
pressure and subsequently absorbed. If sufficient 
dilatation and confluence of follicles is brought about 
by this process, we can finally have the appearance 
of considerable sized cysts (cystic colloid goitre). 

(b) . Parenchymatous goitre. This type of hyper- 
trophy consists of a glandular proliferation that is 
more in the order of a new formation in the tumor 
sense. Solid cell masses and cords, together with 
connective tissue, form follicles much in the same 
manner as they are built up in the fcetal thyroid. 
The colloid content is usually scant, or may be alto- 
gether lacking. The epithelium lining the follicles 
may be cylindric, and sometimes forms papillary 
projections into the lumina of the follicles. By en- 
larj^'cnicnt of the follicles and cuntiniiL'd papillary 
inj;ro\\th into tlie same, we iiJay ha\'e a \ariation of 
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type, which has been designated papillary cystic 
goitre. 

These two types of diffuse goitre just described 
are widely different in regard to their clinical signifi- 
cance. In the first type (a) the functioning epithe- 




Fig. 4. Afute stiige of Graves' disease. Sections 
I alveolar pBrejicliyiua. [ULpillac formaliuii, and a largu 

■talninf; secretion. (Louis B. Wilaoii,) 

f lium of the gland is more or less completely destroyed 
I and the colloid usually non-absorbable ; therefore 
' such goitres are not associated with hyperthyroid- 
I ism. In the second type (b). on the contrary, we 
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have an increased amount of functioning tissue, and 
it is from Such goitres that hyperthyroidism (Graves' 
disease) arises. 

Marine and Lenhart have shown that in the dog 
one can carry a thyroid gland through a variety of 
stages of goitre. By partial removal of a thyroid, 
for example, one may produce an active hyper- 
plasia, as was originally shown by Halsted. This 
hyperplastic type of gland may be reduced to a simple 
colloid type by the administration of iodine. By 
means of partial removals, together with withholding 
and givii^ iodine, one may follow the process of 
reversion of a hyperplasia to colloid, produce again 
a second hyperplasia, and finally obtain a secondary 
reversion to colloid in the same animal. It is in- 
teresting to note that these authors find that an 
actively proliferating thyroid (hyperplasia) may re- 
vert to a pure colloid goitre within a month. 

Nodular goitre is characterized by the occurrence 
in the thyroid gland of circumscribed nodules, vary- 
ing in number and size, between which either normal 
or completely degenerated or atrophic thyroid tissue 
appears. Even the smallest (microscopic) nodules 
show a distinct connective tissue capsule. The 
nodules may present the typical pictiare described 
under colloid goitre, or may be of the parenchyma- 
tous type. Sometimes in the same gland nodules 
of both types may appear. In these nodules various 
degenerative processes are frequently encountered, 
such as hyaline and fatty change. A nodule may 
undergo complete connective tissue transformation 
(fibrous goitre), or lime salts may be deposited in 
the same (calcified goitre). Through breaking down 
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and absorption of the content of such nodules, cysts 
may frequently arise, which through haemorrhage 
may show a red brown or deeper brown colored content. 
A combination of these various degenerative process- 
es in the same nodule gives rise to the multicolored 
appearance frequently seen on fresh section of the 
same. 

Still another variation of the nodular form of 
goitre is to be found in the so-called foetal adenoma 




Fig. o. Fcetal adenoma o( the thyroid, with acini in various 
h Kts^es of development und edge of a large cyst. (Louis B. Wilson,) 

I of the thyroid, which consists of encapsuled nodules 
I made up of cells corresponding to the undifferen- 
l.tiated cell rests of embryonal thyroid. The develop- 
I ment of these latter nodules may in certain instances 
[ give rise to hyperthyroidism. 

Hyperthyroidism (Graves' Disease, Basedow's Dis- 
ase, Exophthahnic Goitre). In connection with 
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certain types of thyroid hypertrophy (parenchy- 
matous goitre, papillary cystic goitre, and sometimes 
fcetal adenoma of the thyroid, according to the class- 
ification of MacCarty), we have, in addition to the 
struma, the appearance of certain phenomena, such 
as exophthalmos,' heart palpitation, tremor of the 
hands, and nervous symptoms, especially of vaso- 
motor type, in varying degrees of prominence. Au- 
topsies on such individuals show, in addition to the 
changes in the thyroid, usually dilatation of the heart, 
more or less wide-spread fatty muscle atrophy, par- 
enchymatous myocarditis, and frequently a persist- 
ent thymus and splenic enlargement. 

It is in the hyperactive th3Toid that we seek an 
explanation for these symptoms, and the recent 
work of Dr. Louis B. Wilson has shown that there 
is a definite parallel between the increased amount 
of functioning tissue and absorbable secretion in the 
thyroid gland and the degree of severity of the symp- 
toms. 

So we may have hyperthyroidism result from a 
simple goitre by increase in function of the thyroid 
gland; or, on the other hand, by continued activity, 
degenerative changes may appear in the function- 
ing cells, antl blocking of the lymphatic drainage 
take place, so that, provided the patient lives long 
enough, a case of hyperthyroidism can return to a 
simple goitre. In such cases, however, the heart 

(DltweUke torsrai 
slill considerably in doul „ 

' i^lcinii within tlii^ ortiii. Miuwiiuii s 
petition nii'l uliut iioi Imvc Ikvu uhnii 

orbit. Tbis niiisrii'. wliicli consisiB of a ryliiulric tnnd of ftmootli muBcle lll>r<.'!<, 
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and nervous symptom may persist as a result of 
the previous over action of the thyroid for a consider- 
able time after the thyroid has become quiescent. 
It is in such cases that Wilson has warned gainst 
operative interference. 

The thyroid gland itself in hyperthyroidism while 
usually increased in size is not necessarily always 
lai^e, it is firm in consistence, and decidedly vascu- 
lar, especially in acute cases. 

Microscopically the important charge is the paren- 
chyma increase which may appear within the alveoli 
as a cellular increase in a single layer, or there may 
be a reduplication of layers. In many instances 
this celluls^ increase is brought about by infolding 
of the alveolar wall, or papillae formation within the 
alveoli. In a second type of case there is an actual 
increase in the number of alveoli (adenoma type). 
The acute cases also show a considerable amount of 
thin, non-eosin staining secretion) . The more chronic 
cases show degenerative changes consisting of des- 
qiiamation of the alveolar epithelium and denser 
stainii^ of the secretion- 
Wilson has been able to classify the patholt^ical 
findings in this condition very closely with the clini- 
cal symptoms. Eighty per cent, of his cases showed 
a remarkable parallel between the pathologic finding 
in the thyroid gland and the condition of the patient. 
According as to whether the cases were acute, and 
mild, moderate or severe, there was a rising increase 
of fimctional activity as shown by increased paren- 
chyma and increased absorbable secretion in the 
thjrroid gland. Cases that had been severe but with 
remission of symptoms at the time of examination 
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showed microscopically beginning degeneration. Cases 
that had been severe but that had reduced them- 
selves to the residual stage where only heart and 
nervous symptoms persisted as a result of the pre- 
vious intoxication, showed histolc^ically more or 
less complete d^eneration in the thyroid gland. 

The extent of the pathological process in the thy- 
roid is not always to be brought in line with the 




Fig. a. Showiiig lateral compreasioo of ilie trat'hi'u l>y u, Inrge 
goitre. 

severity of the s3Tnptoms, however, as the patient's 
ability to neutralize the increased secretion has to 
be taken into account. 

Tumors. Simple histoid growths, such as fibroma, 
chondroma, osteoma, etc., may be found in the 
thyroid gland and show no i)eculiarities worthy of 
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note in this situation. More complicated structures, 
including teratoma in which all three geim layers 
are present, haye been found in the gland. 

Sarcoma. Primary sarcoma of the th3Toid is 
very rare ; less than a hundred authentic cases have 
been reported. Most of these cases have appeared 
in the middle years of life, and have been found more 
frequently in women than in men. They have also 
been found more often in an already goiterous gland 
than in the normal thyroid. 

Histologically these growths may be of almost any 
sarcoma type, although the round cell and spindle 
cell varieties are most frequently met with. Giant 
cell and osteoplastic growths have been described, 
as well as tumors classified as perithelioma and endo- 
thelioma. 

The sarcomatous cell growth is infiltrative in type. 
rarely encapsulated, and sometimes so completely 
destroys the gland that no recc^nizable thyroid 
tissue can be foimd. These tumors may become so 
large as to cause dangerous pressure symptoms. 
Metastasis from siicii growths may take place by 
both blood an<i lymph channels. 

Carcinoma. Primary malignant epithelial new 
growths are alsu rare in the thyroid gland. Less 
than one ].ier cent of all carcinoma has its origin in 
this location; moreover, tlie disease is more common 
in goiterous regions, as cancer develops oftener in 
struma than in the normal thyroid. The interest- 
ing work of L. Pick on (■arcin(3ma of the trout 
has emphasized the coincidence ()f goitre and car- 
cinoma. The gnnvth is usually of the medullary 
type, soft in consistence, scant in connective tissue. 
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and according to its blood content, gray white to 
dark red in color. Areas showing d^eneration 
and haemorrhages are frequent. Owing to lack of 
encapsulation the growth may penetrate the trachea 
or the skin by direct extension. Frequently there is 
growth directly into the thyroid veins or th«r 
branches, emboli from which lead to wide-spread 
metastases. 

At times the structure of these malignant growths 
bears a close resemblance to actively proUferatii^ 
goitre, or even to normal thyroid gland, so that 
histological differentiation as to malignancy is ex- 
tremely difficult, or at times impossible; the metas- 
tatic nodules in the lungs, liver, bone, etc., for in- 
stance, corresponding almost identically with normal 
thyroid gland. 

Adenocarcinoma types, with widenii^ of the gland 
follicles and papillary ingrowths may sometimes 
Sfprpeax so that a so called papillary cystocarcinoma 
is formed. 

In addition to metastasis through direct ingrowth 
into the veins and subsequent vascular embolism, 
the lymphatics may be invaded. As a rule greatly 
enlai^ed neighboring lymph nodes accompany these 
growths. The lui^s are the most favorable site for 
metastasis; more rarely other internal oig:ans are 
included. 

Bone metastases are especially to be noted in con- 
nection with these malignant thyroid tumors, which 
apparently find a most suitable opportunity for 
growth in bone marrow. This favorable influence 
of bone marrow on thyroid proliferation is borne 
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Enlarged lymph nodes due to leuksemia or pseudo- 
leukaemia are definitely composed of separate more 
or less spherical glands which are arranged along 
the anterior or posterior border of the stemo-cleido- 
mastoid muscle, or in the vicinity of the submaxil- 
lary, salivary or the parotid glands. 

Moreover, the first nodules usually appear high 
up in the neck and not in the region of the thyroid 
gland. 

Diffuse or dissecting hpoma of the neck is likely to 
begin on the posterior surface of the neck and to 
progress downwards and forward. 

Lymphosarcoma may occur at any point in the 
neck usually in front of the sterno-cleido-mastoid 
muscle. It is only slightly movable, if at all, and 
neither this nor the preceding two forms of enlarge- 
ment move up and down with the larynx at degluti- 
tion. 

Carcinoma in the lymph nodes of the neck will not 
be mistaken for goitre upon careful examination be- 
cause the former is always secondary to carcinoma 
of the mouth, pharynx, nose, scalp, parotid gland 
or ear or some other tissue. 

Occasionally the primary tumor is very small and 
in this way it may be overlooked, but even in this 
case the masses do not rise and fall with the larynx, 
and the normal gland can usually be outlined in its 
proper position by making a careful examination. 
The surgeon is rarely called upon to treat simple 
goitre until it has advanced to a considerable size 
so that the growth is a source of annoyance to the 
patient because of the def onnity it produces, or be 
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cause of the fact that the pressure from the tumor 
interferes with respiration or deglutition. Occasion- 
aUy these symptoms exist in cases in which inspec- 
tion does not reveal an enlai^ement of the thyroid 
gland but upon deglutition a tumor will be seen to 
rise from under the upper end of the sternum. In 
these cases there is a marked enlargement down- 
ward of a portion of the middle lobe which presses 
forward against the sternum and backward against 
the trachea. In a few instances I have encountered 
such a lobe projecting inward and downward from 
the lower end of one of the lateral lobes extending 
quite behind the upper end of the sternum and giv- 
ing rise to severe obstruction to respiration. 

THE DIAGNOSIS OP EXOPHTHALMIC GOITRE. 

There is no disease in which familiarity through 
repeated contact is of greater aid in making a diag- 
nosis than in exophthalmic goitre. The earlier ob- 
servers like Parry, Graves, Basedow, Desmarres 
and Trousseau placed especial stress upon two ele- 
ments contained in the name exophthalmos andgoitre 
to which the symptom — which later became the 
most important of all — tachycardia was soon added. 
Later many other symptoms which will be described 
in detail were added from time to time, but we must 
bear in mind that in England the description of the 
disease by Parry and Graves, in Germany by von 
Basedow, in France by Charcot and Trousseau, and 
in Italy by Flajani had thorouglily established this 
as a distinct disease before any of the following 
symptoms had been sho^^"n to be ]>n;sent in exoph- 
thalmic goitre. Recently it iias been claimed by 
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several clinicians that a diagnosis of this disease can 
and must be made in case tachycardia is present 
which cannot be explained upon any other patho- 
logical theory in any given case especially if several 
of the other symptoms, but neither exophthalmos 
nor goitre are present. When either of these two 
symptoms is present with tachycardia all authorities 
agree on the diagnosis. 




This has given rise to a serious objection to the 
term exophthalmic goitre because it was argued 
that a disease with a description name should at 
least in part conform with this description. 

Since the disease has been definitely accepted as a 
condition, due according to Moebius to an increased 
pathological activity of the thyroid gland, those who 
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have most carefully studied the specimens removed 
by operation have always been able to find some por- 
tion of the gland with the typical pathological 
structure of the thyroid gland even in cases in which 
from external examination the pressure of a goitre 
coidd not be definitely demonstrated. In my own 
cases it was always possible to demonstrate even in 
the gross specimen some portion that showed the 
presence of hypertrophy and histologically every 
case showed typical tissue in some portion. It is 
true that there is often a marked discrepancy be- 
tween the extent of the goitre and the degree of 
tachicardia, tremor, muscular weakness and other 
symptoms. When one bears in mind, however, that 
very minute quantities of any one o£ a number of 
active drugs with which we are familiar when intro- 
duced into the circulation produce exceedingly vio- 
lent symptoms it is easy to understand how the 
secretion from a very small portion of diseased tissue 
in the thyroid gland may, produce all of the symp- 
toms of this (tisease. All of these symptoms may be 
intermittent. There may be a marked difference in 
the size of the thyroid gland from week to week, the 
eyes may be so prominent one day that they will at- 
tract attention at once at one time and a few weeks 
later this symptom may be scarcely perceptible. In 
the same manner the pulse may vary from eighty to 
one hundred and sixty beats per minute, although it 
rarely remains under one hundred during the entire 
day. 

In these cases there seems to be a discharge into 
the circulation of a considerable quantity of the 
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poison at intervals. This may be brought about by 
mental or by physical influences. 

I have known severe sorrow over the death of some 
member of the family, excitement over a fire, a sud- 
den fright, overwork, both physical or mental, anx- 
iety and fatigue during a political campaign, excite- 
ment in social life and many other similar conditions 
to give rise to severe, sometimes fatal exacerbations 
of this condition. 

In each case it has seemed as though the patient 
could not quite return to the condition in which he 
was before the last exacerbation and although the 
next attack might not be more severe than the pre- 
vious one still its effect upon the patient seemed at 
least somewhat more severe. 

MINOR SYMPTOMS. 

Before enumerating the minor symptoms of ex- 
ophthalmic goitre it will be well once more to insist 
upon the fact that in the presence of tachycardia 
together with even the slightest degree of exophthal- 
mos or enlargement of the thyroid gland, a positive 
diagnosis of exophthalmic goitre can always be 
made. 

In some instances the changes in the thyroid gland 
may be so sHght that only some insignificant irregu- 
larity may be noticed, still upon excision of this por- 
tion of the gland the pathological condition is so typi- 
cal that there can be no doubt regarding the correct- 
ness of the diagnosis when the histological examina- 
tion has been made. I am so persistent in impressing 
this fact because this is really the only class of cases 
whidi is likely to be overlooked by the clinician who 
has seen only a small number of well developed 



yGoot^le 



42 THYROID GLAND 

typical cases while these cases are r^^ularly over- 
looked by those who must depend upon description 
of the disease for a basis upon which to make a 
diagnosis. 

Fortunately for the patient one or more of the 
following symptoms will be found in almost every 
case so that the dij^nosis can be further supported. 

At this point it may be well to direct attention to 
the fact that cases are frequently encotmtered in 
which other conditions may readily be mistaken for 
a tachycardia. These conditions aie always due to 
other causes. 

Of these the excessive use of nicotin especially in 
cigarette smokers is the most common cause at the 
present time. Myocarditis due to chronic alcoholism 
is another condition which is still more misleading 
because the alcoholic tremor is almost identical with 
the tremor of exophthalmic goitre to be described 
among the minor symptoms. 

Habitual users of the various coal tar preparations 
form another class which may mislead the clinician 
in making his diagnosis. The habitual use of a number 
of other drugs like strychnine, cocaine, quinine and 
chloral must be borne in mind in making a diagnosis. 
Similarly severe anaemia, or marked obesity, or the 
depression following severe illness, or unusual mental 
or physicial exertion especially when long continued 
and accompanied with loss of sleep may give rise to a 
condition of the heart which may lead to a mistaken 
diagnosis. Great sorrow, severe fright, long con- 
tinued worry especially when accompanied with in- 
somnia, exposure to great heat and in fact any con- 
dition which severely affects the nervous and circu- 
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latory system may cause a condition of the heart's 
action which may easily be mistaken for the tachy- 
cardiaof exophthalmic goitre. This condition is fre- 
quently present after persons have experienced in- 
juries during railroad wrecks. 

It is well to bear these facts in mind especially 
because any one of these conditions may be the ex- 




Fig. .^, I \uii|i(ij!i!mic goitre;- tliyroiUj^glaiid only moderatelj 
enlorgeil. 

dting cause of an attack of exophthalmic goitre. 
Moebius has reasoned this out in the following man- 
ner : Many patients may possess thyroid glands that 
are slightly pathological so that there is a slight de- 
gree of overproduction of normal or possibly abnor- 
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mal secretion which, however, is either not absorbed 
or if it is absorbed the quantity is so limited that it 
does not make any appreciable impression upon the 
tissues of the body and especially the tissues of the 
heart. 

■ The patient may consequently live in an appar- 
ently normal condition until there is a severe de- 
pression due to one of the conditions mentioned 
above whereupon the effect of the thyroid poisoning 
is felt sufficiently to give definite symptoms, first of 
tachycardia and later of other typical conditions 
and then the presence of exophthalmic goitre is es- 
tablished. This thyroid poisoning added to the other 
conditions may be sufficient to make the disease per- 
manent or it may subdue as the bad results of the 
acute shock to the general system subside because 
the amount of thyroid poisoning may not be sufficient 
even after such an exacerbation to produce typical 
symptoms. 

It is plain, of course, that such cases must be 
guarded against a repetition of acute strains of all 
kinds as the resistance against thyroid poisoning as 
has been said above is reduced with each successive 
exacerbation. 

Another theory may be mentioned at this point 
namely that there may be an actual increase in the 
secretion due to the strain which has temporarily 
been placed upon the nervous and circulatory sys 
terns by any one of the conditions mentioned above. 
Until some one can determine by actual measure- 
ment the isolated poisonous substance in the circu- 
lation in patients suffering from exophthalmic goitre 
it seems unlikely that the correctness of this theory 
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will or can be proven although there is much in the 
course taken by the disease that speaks in favor of 
the hypothesis. 

For the sake of deamess and brevity the minor 
symptoms will be first enumerated and then dis- 
cussed separately. 

LIST OF MINOR SYMPTOMS. 

1 — Tremor; 2 — Muscular weakness; '.i — Nervous 
excitability ; 4 — Mental deficiency ; o —Vertigo ; 
6 — Graefe's sign ; 7 — Stellwag's sign ; 8 — Moebius' 
sign; 9 — Paroxysmal dyspnoea; 

10 — Intermittent vomiting without apparent ex- 
citing cause. 

11 — Intermittent diarrh<x'a without apparent ex- 
citing cause. 

12 — Intermittent sweating without apparent ex- 
citing cause. 

13 — Intermittent mental depression without ap- 
parent exciting cause. 

14 — Increase of gravity of symptoms upon psychic 
excitation. 

15 — Increase of j;ravity upim mental fatijjue. 

16 — Increase of gravity upon physical fatigue. 

17 — Increase of gravity upon administration of 
thjToid extract. 

18 — Increase of gravity upon administration of 
iodiro. 

1!) — Emaciation in advanced cases. 

20 — Anaemia in advanced cases. 

21 — Increased lymphocytosis, decreased poly- 
morphonuclear leucocytosis. 

22 — Ocilcmaof upper and lower eyelids, later of feet. 

23 — Visible pulsations in goitre. 
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24 — Discoloration of skin especially about nipples 
and orifices. 

Any one or any group of these symptoms may be 
prominent early in the course of the disease. They 
rarely precede the presence of tachycardia but fre- 
quently the appearance of exophthalmos or marked 
enlai^ement of the gland and frequently several of 
these symptoms have developed to a marked degree 
before either exophthalmos or enlai^ement of the 
thyroid gland can be demonstrated. 

It is in these latter cases in which a thorough 
knowledge of an acquaintance with these symptoms is 
of especial importance in making a diagnosis. They 
should always be carefully noted in all cases in which 
the three major conditions, tachycardia, exophthal- 
mos and enlargement of the gland are present in 
order that the relation of these conditions may be 
recognized when found associated only with tachy- 
cardia. 

1 — ^Tremor. The most important minor symp- 
tom which can lie recognized in all advanced cases 
is muscular tremor. This was first associated with 
the disease by Charcot and later by his pupils 
notably by Marie. The similarity between the tremor 
of chronic alcoholism and that of exophthalmic 
goitre further supports the theory of Moebius that 
the disease is due to a condition of poisoning through 
toxic substances circulating in the blood and affect- 
ing the tissues directly. The symptoins can be most 
easily elicited Iw having the patient extend an arm 
at right angles with his body or by Ptamling upon 
one leg and fiexing the other thigh with the knee 
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extended. The latter test is of course too severe for 
advanced cases. Accurate measurements have been 
made to determine the number of contractions per 
second, according to Marie, from 8 to 9 oscillations 
take place per second. 

Although there seems to be much uniformity in 
the frequency of the oscillations there is a great 
difference in their severity. In many patients it is 
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Fig, 9. Lnlcrttl view of large goitre weighing seven pounds giv- 
ing rise to Bcverc lii^comtort because of its weight and because of the 
direct pressure upon the trachea which caused narked obsirurtion to 
bruthuiK. It also forced the patient to hold her head in a moat un- 
comfortabte position. 

this tremor that first causes them to consult the 
physician, consequently it is necessary to bear the 
relation between this symptom and exophthalmic 
goitre constantly in mind in order not to overlook 
it and make a wrong diagnosis. In many cases the 
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tremor remains permanently after it has once ap- 
peared while in others it may be present at times 
with varying degrees of severity only to disappear 
and reappear again at intervals. Sometimes the tre- 
mor is so marked that a look at the patient from a 
distance will convince the trained observer that the 
patient presents this symptom to an extent which 
will make it necessary only to establish one or two 
othersymptomg to confirm the diagnosis of exophthal- 
mic goitre, while in other cases the most painstaking 
examination may barely enable the most acute ob- 
server to establish the presence of this symptom. 
Whenever the symptom is present in any given case 
it will usually appear in a more marked form when- 
ever there is an exacerbation of the disease from 
any other cause. 

This symptom may be confined to the upper or to 
the upper and lower extremities or it may effect all 
of the muscles of the body so that one can feel it by 
placing the hand upon any portion of the patient's 
body. It has been observed in most of the voluntary 
muscles. Tremor of the eyes is not uncommon, but 
not nearly so common as in the extremities. 

It may be so severe that it may become difficult 
for the patient to do any kind of accurate work with 
the hands or even to walk with comfort. The tremor 
in the hands seems to differ from that observed in 
paralysis agitans in that there is no especial motion 
of the fingers but rather awavelike motion or oscil- 
lation of the separate muscle fibres rather than a 
contraction of any muscle as a wliole. This condition 
is entirely different from a cdndition of mus- 
cular spaf;ms nr cramps described Viy Mackenzie. 
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In my ovm observation the tremor has been ex- 
ceedingly common in exophthalmic goitre patients 
whUe distinct cramps have occurred only in a very 
small proportion of cases. In quite a proportion of 
patients who have suffered from exophthalmic goitre 
for a considerable period the presence of mild con- 
tractions reminding one of incipient chorea may be 
observed. These contractions seem to affect especi- 
ally the head and sometimes also the upper ex- 
tremities. Since we are familiar with the fact that 
removal of all of the parathyroid glands invariably 
results in tetany some authors have attributed the 
spasmodic contractions just described to a diseased 
condition of the parathyroid glands. It has been 
suggested that this condition of the parathyroid 
glands may be due to the effect upon these glands 
exercised by the pathological thjToid secretion cir- 
culating in the blood in exophthalmic goitre, it being 
supposed that these glands may have been rendered 
incapable of performing their physiological functions 
precisely as the muscle fibres have Ijecome in- 
capacitated by direct contact with the same poison. 
2— Muscular Weakness. In advanced cases of 
exophthalmic goitre there is always muscidar weak- 
ness. Thismayshow itself simply in the fact that the 
patient becomes fatigued niore readily than normal, 
or it may become so serious that the muscles will 
give out suddenly and the patient may lose 
complete control of certain muscle groups unex- 
pectedly and niay suddenly drop things held in 
the hand or it may affect the lower extremities so 
that the patient suddenly falls to the ground 
because his legs give way. This condition has l)een 
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called paraparesis. It may be only temporary or it 
may begin in a mild form and increase in severity. 
Many patients first notice this condition when they 
find that it is no longer possible for them to change 
from the sitting to the standing position without 
lifting the weight of the body with the anns. Con- 
versely they find in changing from the standing to 
the sitting posture that imless they steady them- 
selves with their arms they will suddenly drop down 
into the seat while they had expected to lower the 
body gradually. 

This condition must, of course, not be confounded 
with similar symptoms which are frequently present 
in patients suffering" from hysteria. 

This weakness seems to be due to a condition of 
the muscle tissue itself caused by the poisoning of 
this tissue by the thyroid secretion in the blood. 

Although this symptom is usually present quite 
late in the course of the disease still it has occasionally 
been the first to attract the attention of the physician. 

It is likely that the same condition affecting the 
muscles of the orbit has much to do with producing 
the symptoms of exophthalmos as well as the symp- 
toms to be described later as Graefe's, Stelhvag's 
and Moebius symptoms. Since Landstriim has given 
us a more perfect knowledge of the muscles of the 
orbit it seems certain that the exophthalmos is due 
especially to the weakness of an unstriped cylinder- 
formed muscle which had formerly been overlooked 
both by anatomists and clinicians as well as by 
pathologists. 

This muscle is under the control of the cervical 
sympathetic plexus The weakness may be imiform 
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throughout the muscles of the body or it may be 
selective affecting only certain muscles, those in tlie 
orbit being affected more often than any of the others. 
In rare cases the muscles of one side of the body may 
be affected alone but it is likely that in these cases 
there are other definite complications like cerebral 
haemorrhage or circumscribed cerebral ansemia or it 
may be due to hysteria. 

In connection with the symptoms of exophthal- 
mos it must, of cotirse, be borne in mind that aside ■ 
from weakness in the muscles which ordinarily keep 
the eyeball in place there are other conditions like 
engorgement of veins which aid in pushing the eye- 
balls forward. 

There is quite an opportunity for theorizing con- 
cerning the relation of the weakened condition of 
various groups of muscles to other secondary con- 
ditions. The digestive disturbances may be ac- 
counted for by the weakened condition of the muscles 
of the stomach and intestinal walls. The same ex- 
planation may be applied to the diarrhoeas. It seems, 
however, scarcely necessary to discuss all of these 
theories in the present work. It is quite possible 
that the digestive disturbances are quite as much 
dependent upon the direct effect which the thyroid 
poison in the circulation has upon the glands se- 
creting digestive ferments as upon the condition of 
the muscles of the alimentary canal. 

Although tlie effects of this poison can be most 
readily demonstrated in the muscular system still 
it is not at aU likely that any of the other tissues are 
less seriously affected, and it would consequently not 
be correct were we to attribute the effects which this 
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disease has upon the digestive apparatus entirely 
to the impaired muscles of the walls of stomach 
and intestines. 

3— Nervous Excitability. From the first obser- 
vations to the present time the presence of great 
nervous excitability has been noticed as one of 
the symptoms almost invariably present in some 




form. In fact it was the presence of marked nervous 
symptoms which caused the greatest amount of 
opposition against a separate classification of 
this disease, especially in the French Academy. 
It was pointed out constantly, that the most 
marked symptoms of this disease were identical 
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with those characterizing hysteria. At this point 
a sjnmptom dwelt upon especially by Martin B. 
TirQcer should be emphasized. He points to the 
fact that these patients frequently complain of a 
symptom which could readily be mistaken for 
typical globus hystericus and which has often even at 
the present time caused careful observers to make 
a di^nosis of hysteria in patients suffering from 
unquestionable exophthalmic goitre. 

In many of these cases there may be but a very 
small central lobe which acts in the form of a ball 
valve and interferes with the patient's breathing and 
occasionally even with the swallowing of food, or the 
lateral lobes may have prolongations at their ex- 
ternal borders which may be directed backward and 
inward around the posterior surface of the trachea, 
and this may cause a compression of the latter tube 
and thus cause difficulty in breathing. Or again, the 
middle lobe may have an enlargement on its lower 
border which may be permanently located behind 
the upper end of the sternum or it may take this 
position only when the patient's tissues are in a re- 
laxed condition during sleep. I have had one of 
these patients come to me with a diagnosis of cardiac 
asthma whose attacks came on regularly at night 
after the patient had fallen asleep but which would 
not occur in case the patient would remain awake 
for any reason. Many of these patients wander from 
one sanitorium to another because their symptoms 
of neurasthenia or hysteria are so marked that the 
presence of exophthalmic goitre is entirely over- 
looked. 
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The fact that the disease comes on so often to a 
marked degree directly after some severe mental, 
emotional, or physical strain has served still further 
to obstruct the diagnosis. It seems, however, that 
we must agree with Moebius that this simply in- 
dicates an increase in the abnormal secretion at a 
time when there was a decrease in resistance. Or it 
may mean a decrease in resistance in a case that was 
able to overcome a slight increase so long as there 
was no abnormal strain, 

I am thus explicit at this point because it is here 
that most errors are made in diagnosis. In the be- 
ginning of the disease these patients are especially 
likely to be moody. They fear something they cannot 
explain, they are joyous or depressed or they may 
change from one of these conditions to the other 
without cause and often without the abilitv of 
ascribing their mental or emotional condition even 
to an imaginary cause. 

Many attempts have been made to make differ- 
ential tests by the use of electricity which have been 
exceedingly interesting to those engaged in this 
research but as the results are entirely speculative, 
and imreliable from a practical standpoint, it \\nU 
not be best to give them any space in this volume. 

It is of course plain that there must be a marked 
increase in the power of the skin as a conductor in 
patients in whom profuse sweating is one of the 
marked symptoms but it can hardly be considered 
of much value to make tests requiring such oreat 
technical skill to dia,i:nc)se cases with .syniptoms so 
pronounced that they can rcatlily l;>c rccui^nizeil witli 
the unaided senses. 
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4 — ^Mental Deficiency. In a proportion of these 
cases the first symptom noted is some form of mental 
deficiency. In some instances this may take one 
form, in others quite the opposite. Some of these 
patients suffer markedly from melancholia while 
others are in a constant state of exhilaration, some 
become quiet and thoughtful while others talk in- 
cessantly. In a number of instances these patients 
first consult their physicians because they cannot 
live in peace with the other members of the family. 
In only a few instances have I encountered these 
patients with definite illusions or hallucinations but 
it is likely that the proportion of such patients en- 
countered in the neurological practice must be 
much larger than in a surgical practice. 

It is of course important to bear in mind that an 
insane person may acquire exophthalmic goitre in- 
dependently of his insanity and vice versa that a 
patient suffering from exophthalmic goitre may be- 
come insane although in the latter case one would 
naturally be likely to consider the fomier condition 
responsible ffir the latter. On the other hand in- 
sanity and exophthalmos may botii be due to in- 
creased intracranial pressure especially if this is 
caused by the presence of a tumor. 

5 — ^Vertigo. This symptom is not present with 
any regularity and it has appeared to me to be due 
largely to the anaemia in these cases and also that in 
many cases what appears to be vertigo is in fact 
only a condition of unsteadiness due to general 
weakness of the muscles which come into use in 
locomotion. 
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The symptom is not of great diagnostic import- 
ance in itself. Persimally, I have never encoimtered 
it in any case not sufficiently far advanced to make 
a di^nosis possible long before this s3miptom made 
its appearance. 




. , - exopht 

........ _ js [trotruding nearly to the point of dLslocation, All lobes 

of the thvinid glaiid arc markedly enlarged esiiecially the richt lobe. 
(By the 'touttPf'y of Louis B. W'ilsoii.l 

0^ — Graefe's Sign. In the year lS(i4, v. Graefe 
described a definite Rvniptoin which had been 
described independently eight years before by 
Desmarres in France but neither author seems to 
ha^'e known of the fact that the symptom had been 
recognized by the other. 

The former's name has been attached to this 
symptom because of his long continued interest 
shown in this subject resulting in the publication of 
several excellent articles and because he was one of 
the greatest leaders in his specialty in his day. 
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The symptom can be readily recognized even in 
relatively mild cases but its absence does not war- 
rant a negative diagnosis in the individual. 

In directing the eye downward, the lower margin 
of the upper eyelid does not follow the line of vision 
normally but lags behind or follows in an irregular 
spastic manner. This clear cut symptom is of real 
value in making the diagnosis. 

It should always be elicited when present. It is 
probably due to the weakness of the eye muscles 
due to the poisoning caused by the hyperthyroidism. 
Landstrum attributes this symptom also to the 
diseased condition of the muscle he has described. 

The same explanation will apply to the condition 
elicited by the tests used to demonstrate Stellwag's 
sign and the sign of Moebius, so it will not be neces- 
sary to refer to it again. 

Undoubtedly there are differences in the inherent 
conditions of these various muscles not only in dif- 
ferent individuals but also between the various 
groups of muscles in the same intlividual which will 
account for tlie variations in the results of these 
various tests. 

7 — Stellwag's Sign. In close relation to Graefe's 
sign we must place that Jirst described by Stellwag 
in 1869. This consits in the fact that especially in 
cases suffering from marked exophthalmos there is a 
retraction of the upper eyehd and at the same time 
the lid remains much more stationary than it does 
under normal conditions. There is also a marked 
decrease in the frequency of winking. 

8 — Hoebius' Sign. In 1 895, Moebius pointed 
out the fact that in many cases of exophthalmic 
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goitre there is an insufficiency of convergence. If the 
patient is directed to look at the ceiling and then 
suddenly at his own nose it wiE be foxind that only 
one eye will be directed tow;ard the nose and the 
other may take any other direction although it 
usually mmntains its axis fairly parallel with the 
eye that is directed toward the nose. This symptom 
may also be elicited by having the patient fix an 
object with his eyes at a distance of several yards 
then by gradually approaching the face a point will 
be reached at which only one eye will continue to 
fix the object. The other eye will cease to see the 
object. There wiU be no double vision but the pa- 
tient wiU feel a certain degree of strain during this 
experiment. 

There is no definite distance from the eyes at 
which the convergence will cease and the distance is 
not constant in the same patient at different times. 

There does not seem to be any definite relation 
between the degree of exophthalmos and the de- 
ficiency indicated by the test. 

This test is not positive in all cases of exophthalmic 
goitre but it can be elicited in a majority of these 
cases. 

9 — ^Paroxysmal Dyspnoea — Bryson's Symptom. In 
close relation also with the symptoms just de- 
scribed we must place that of paroxysmal dyspncea, 
because it is undoubtedly also dependent largely 
upon tlie effect which the thyroid poisoning has had 
upon the muscles of respiration. 

It is important not to overlook the fact that the 
dyspncea may in reality be fUie to the pressure upon 
the trachea by the enlarged thyroid gland referred 
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to above. Neither must the anaemia and the weakness 
of the heart be lost sight of in the consideration of 
this subject. It is likely that in most cases all of 
these conditions orseveral of them may act together. 
then there may be a further exacerbation at times 
due to a dilatation of the stomach which is not un- 
common and which would naturally cause more 
disturbance in these than in other patients. 

Late in the course of the disease, a form of dysp- 
noea occurs which is not paroxysmal in character 
because it is entirely due to the cedema of the lungs. 

1 0- -Intermittent Conditions Without Apparent 
Exciting Cause. There are several conditions 
which come and ^o intermittently which may be 
considered together. They may all occur in the 
same patient at the .^ame time or at different times, 
or they may occur but once or twice but there is 
this peculiarity that it does not seem possible to 
determine a satisfactory exciting cause for their 
occurrence. 

These conditions are vomiting, diarrhoea, sweating 
often over circumscribed portions of the surface 
of the body, and iiiental depression, all intermit- 
tent. In many cases tliere seems to be a general ex- 
acerbation of the disease whenever one or more of 
these symptoms appear. 

During these times the thyroid gland is sometimes 
ei^orged to a condition which has been aptly com- 
pared with a lactating breast as compared with the 
same organ during its inactive stage. That there is 
an increase in the local blood supply during periods 
of exacerbation there can be no doubt. 
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So far as the gastrointestinal symptoms are con- 
cerned it is likely that the involuntary muscles 
suffer quite as much in the walls of the stomach and 
intestines as do the heart muscles and the muscles 
in the extremities, and this would readily accoimt 
for any disturbances in this part of the body .The 
mental depression has been attributed to the direct 
efEect of the hyperthyroidism upon the tissues of the 
brain. 




lig. 12. Exophthalmic goitre with the goitre scarcely percc]»li- 
ble but the exophtnalmos quite marked but not oearly so iiromiiiciit 
as I'ig. 11. {By courteay of Louis B. Wilson.) 

The erratic sweating reminds one very forcibly of 
hysteria and this symptom has frequently been 
brought forward in support of the neurotic origin 
of the disease. It seems, however, not unreasonable 
to suppose that notwithstanding the fact that satis- 
factory nerve lesions cannot be demonstrated still 
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SO general a poison is likely to have some effect 
directly upon the nerve tissues and that certain 
branches will be more affected than others. The 
actual pathological findings in the nervous system 
have been fully described in the chapters on path- 
ology. In connection with the condition of intermit- 
tent mental depression without apparent exciting 
cause, it is proper to refer to epiliptiform seizures 
which frequently have been reported. There is no 
reason why true epilepsy should not complicate 
exophthalmic goitre but there are cases in which 
the cortical irritation is undoubtedly directly due 
to the thyroid poison. It is often difficult to distin- 
guish between these paroxysms and those due to 
hysteria which also frequently complicates exoph- 
thalmic goitre. 

Here again it is necessary to establish the existence 
of exophthalmic goitre because a mistaken diagnosis 
might readily give rise to an endless amount of 
harm to the patient. Undoubtedly, many cases 
diagnosed as hysteria whichare actually .sufferingfrom 
exophthalmic goitre have been made mucli worse 
by extended travel, mountain climbing, social di- 
versions, vigorous hydrotherapeutic treatment or 
by the various other methods often employed in 
the treatment of patients suffering from hysteria. 
I have personally encountered a number of these in- 
stances. 

1 1 — Conditions Increasing Gravity of Disease. 
A number of conditions regularly serve to in- 
crease the gravity of exophthalmic goitre some- 
times to an alarming or even to a fatal extent, and 
it is consequently important that these should be 
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pointed cirt with especial ea^hasis. This is true 
espedally because some of these conditions are em- 
ployed in the treatment of neurasthenia or hysteria 
and others in the treatment of simple goitre. 

Psychic excitation is extremely harmful. In 
many instances every synqxtom is increased with enor- 
mous rapidity so that the patient loses ground to a 
marked extent from day today and a week or a month 
may change the case from a hopeful to a hopeless 
condition, I Tiave repeatedly observed such dedine. 
It seems in these cases as though the blood were 
rapidly filled with a most active poison. Mental 
and physical exhaustion bring the same results only 
in a less violent form. In a number of cases in which 
the condition was mistaken for neurasthenia and 
consequently treated by vigorous exercise and mental 
diversion and social excitement, I have seen these 
patients become worse rapidly only to improve upon 
the substitution of absolute rest. 

In order to impress this fact more acutely, I will 
give an abstract of the history of a case under treat- 
ment at the present time. A business man, 34 years 
of age, who had severely ovenvorked for a number 
of years began to lose a pound in weight each day 
for a period of ten weeks, he also became severely 
nervous. Being exceedingly powerful and weighing 
240 pounds, he did not pay much attention to the 
loss of weight and strength which he attributed to 
the fact that he had worked from seven in the morn- 
ing until one o'clock the following morning during 
this time. When he began to suffer from dyspnoea 
he consulted his physician who prescribed a diet, 
out-door exercise and tonics, and a few weeks later a 
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trip in the mountains at an elevation of over 10,000 
feet with long rides on horseback over mountain 
trails. The case proved on examination to be a 
typical exophthalmic goitre. It is plain that the trip 
would have been extremely harmful if not worse. 

The administration of thyroid extract is sure 
to have a harmful influence upon these patients 
although there may be a decrease in the size 
of the goitre. The tlecrease in the size of the 
goitre is especially likely to occur in patients 
who have suffered from simple .yoitre for some 
time before the occurrence of exophthalmic goi- 
tre. Recently, I have examined a maiden lady 
of thirty-six years who came for relief of gas- 
tric ulcer. She had carried a simple goitre for 
a number of years without any discomfort. Eight 
months ago she began to suffer from tachycardia 
and at the same time her eyes began to bulge for- 
ward. She also lost rapidly in strength. Two months 
ago she began to suffer from intermittent nausea, 
pain in the region of the stomach, occasional diarr- 
hcea, profuse sweating, dysmenorrhea. All of these 
conditions were attributed by her and her physician 
to a gastralgia and as the symptoms were increased, 
to ulcer of the stomach. 

The patient directed the physician's attention to 
the presence of the goitre, but the latter was so 
thoroughly engrossed in the care of the stomach 
that he gave only incidentally some slight attention 
to the goitre by prescribing thyroid extract inter- 
nally and an iodine ointment for external use. Not- 
withstanding the most painstaking attention to the 
stomach the patient has lost over three pounds each 
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week for the last eight weeks. She is now exceed- 
ingly anaemic and weak, her pulse beats 13G times 
per minute and she has all of the typical symptoms 
of exophthalmic goitre described above. This case 
is not at all isolated. I simply describe it because it 
was so typical in every respect. 

What I have said -of thyroid extract applies to a 
somewhat slighter extent to the use of iodine in the 
treatment of exophthalmic goitre. The use ■ of iodine 
in any form always makes them worse. 

Emaciation and Anaemia. In advanced cases 
emaciation and anasmia are practically always 
present but it will hardly be necessary to discuss 
th^se symptoms because they are plainly secondary 
to the malnutrition which is caused by the condition 
of the gastrointestinal tract described above. 

We have confirmed the findings of Kocher in the 
examination of the blood that there is an increased 
lymphocytosis and a decreased leucocytosis but in 
itself the blood examination cannot determine the 
diagnosis, it can at most confirm a diagnosis which 
has alreatiy l.Meen matle from a study of the s^Tiiptonis 
described above. 

Kocher reports careful blood examinations in 
fifty-eight cases in which he found the number of 
lymphocytes increased while the pohmuclear forms 
were diminished. The total number of leucocrtes 
was nonnal or rather l:)elow nonnal. The increase in 
lj-niphoc\-tes was sometimes absolute but miire com- 
monly relative. In early cases and in tho^e that 
have improved imtler treatment there is usually no 
increase of lympht>cytes. 
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operation if this treatment has been successful In re- 
moving the typical symptoms of the disease. 

These patients are likely to be mistaken for cases 
of Addison's disease. It is plain that such a mis- 




(By courtesy of Loi 
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take would probably prove fatal to the patient 
unless corrected before the degenerative changes had 
advanced to a hopeless condition. 
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There is, of course, no reason why Addison's 
disease should not occasionally complicate exoph- 
thalmic goitre, but one should always exclude the 
latter disease carefully in every case in which the 
presence of pigmentation may suggest the presence 
of Addison's disease because in this way valuable 
time for treatment of the hyperthyroidism may not 
be lost. It is possible that the pigmentation may be 
due in these cases to the effect of the thyroid poison 
upon the suprarenal glands. 

Erythema. This condition although not com- 
mon should be borne in mind because it is hkcly to 
occur early in the disease and thus cause the physi- 
cian's attention to be directed away from the correct 
diagnosis unless he is familiar with the fact that it 
occurs as a complication of exophthalmic goitre. 

Blushing. Occasionally jiaticnts suffering from 
exophthalmic goitre arc annoyed by the fact that 
the slightest mental cxcitcn:ciit causes them to 
blush violently, a symptom whicli is less imcumm_on 
in young women who are suffering from this disease 
early in its course lictnre niarkcil an;emia has ap- 
peared. 

Urticaria. In some instances urticaria may occiu" 
either spontaneously or upon external irritation. 
In .some instances only one form of irritation will 
bring about this condition while in others it may 
be brought about by many forms of external irrita- 
tion. 

Circumscribed Oedema. In a considerable pro- 
portion of patients suITering from exophthalmic 
goitre circumscribetl cedema may be observed. This 
condition may remain for days or weeks or it may 
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appear suddenly and disappear again within a few 
hours. It may reappear in the same location or at 
any other point or it may disappear permanently. 
This condition can be differentiated from anasarca 
by the fact that it is not influenced by the position 
of -the part of the body affected and that it is not 
symmetrical. 

It is undoubtedly related in some way with 
myxcedema although the histological sections of 
tissue which have been removed from these circum- 
scribed areas are quite different from similar sec- 
tions made in cases suffering from myxcedema. The 
tissue in the former is thickened because of the pres- 
ence of water, in the latter because of the infiltration 
with a mucoid substance. 

Myxcedema has been observed in some cases in 
connection with exophthalmic goitre although the 
presence of this condition would indicate an absence 
of activity of the thyroid gland while as has 
been repeatedly stated exophthalmic goitre rcpre- 
.sents an increase in thjToid activity. This apparent 
discrepiuicy in theories has l.x«n explained by the 
supposition that on the one hand the thyroid gland 
has lost its ability to perform its normal physiological 
function, while oh tlie other hand a portion of the 
gland is still active in producing abnormal setTetion 
which when forced into the circulation gives rise to 
more or less typical exophthalmic j^joitre. It is most 
important to bear in minil the.se conditions because 
this will enable the physician to recommend treat- 
ment which is likely to correct both conditions. The 
treatment indicated for the relief of exophthalmic 
goitre in these cases must c<irsist in the removal of 
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at portion of the thyroid gland containing the 
nodules secreting the substance which causes the 
disease, or the double ligation and section of the 
superior, inferior, and anterior thyroid veins. 
Then the myxcedema must be relieved by adminis- 
tering thyroid extract. Were the thyroid extract 




0Or exophlhalmofi well marked, (fly courtesy o. 

administered before the removal of the diseased 
portion of the thyroid gland, the tachycardia and 
the other symptoms of exophthalmic goitre would 
increase probably to a fatal extent. On the other 
hand were the thjToid gland removed without the 
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subsequent use of thyroid extract, there would un- 
doubtedly result an increase in the severity of the 
myxcedema. In these cases it would be reasonable 
to remove the diseased thyroid gland and simul- 
taneously transplant normal thyroid gland from 
another person. 

Scleroderma. This condition has frequently been 
observed. Singer believes that there is a definite 
relation between the condition of the thyroid gland 
and scleroderma not only in cases in which it has 
been incidentally observed in connection with goitre 
but also in all cases in which the patient is suffering 
from scleroderma independently. 

Alopecia. In a number of cases, either circimi- 
scribed or general, baldness has occurred as a com- 
plication of exophthalmic goitre and in other cases 
there has lieen a loss of eyebrows, eyelashes, axillary 
and pubic hair. The beard seems affected less fre- 
quently than other poii:ions of the body. 

Atrophy of the Mammary Glands. There seems 
to be a marked shrinka.fe of the maniman- glands 
early in the course of exophtlialniic goitre before 
tlie effect upon the patient's general condition is 
sufficient to produce so marked a local effect. This 
scetns to be coincident with a depression in the 
sexual vigor of these patients. This condition does 
iiot precliule pregnancy, although it is much 
more common to encounter patients in whom ex- 
ophtlialniic goitre has developed during the period 
of pregnancy or lactation than those in whom preg- 
nancv has occurred during the existence of exoph- 
thalmic goitre. 
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A circumscribed cedema of one or both breasts 
may be mistaken for a hypertrophy but the condition 
is the same as though it occurred in any other portion 
of the body. 

Enlargement of Lymph Nodes. In operating for 
the removal of portions of the thyroid gland one 
frequently encounters enlarged lymph nodes. It is 
doubtful if these have any definite relation to the 
disease. It is important not to mistake them for 
parathyroid glands. Confounding them with aberrant 
thyroid glands is of no importance because the re- 
moval of the latter is immaterial. 

Enlargement of Thymus Gland. Practically, the 
fact is important that this gland is enlarged in 
a considerable proportion of cases. At autopsies 
in patients succumbing to exophthalmic goitre 
the upper margin of the thymus gland has fre- 
quently been found to touch the lower end of the 
thyroid, or in other instances enlarged lymph nodes 
have been found between the two. In the cases that 
died after thyroidectomy CapcUe found persistency 
of the thymus gland in 79 per cent. It is possible 
that there is a lower (.leath rate in cases in which 
the thymus gland has disappeared because in sta- 
tistics taken without reference to operative treat- 
ment the number of persistent thymus glands is 
always considerably lower. Von Houseman found a 
persistent thynius in each of four out of eight cases. 
If this theory should become established, it would of 
course become necessary to find some way of de- 
termining the presence or absence of a persistent 
thymus gland before undertaking the operation . 
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In its presence it would then become proper to 
make the operation according to a plan which will 
be described fully under surgical treatment which 
would materially reduce the severity of the opera- 
tion, possibly at the risk of being less uniformly 
effective. This would have a tendency to leave a 
safe mar^nn of resistance in this particular class of 
cases, 

Osteomalacia. This condition is mentioned by 
many authors all of whom seem to be convinced that 
there is some relation between it and thyroid dis- 
ease. Clinically I cannot discuss this condition from 
pcTsonal observation. This may be a coincidence or it 
may indicate that the condition is quite as rare in 
those sufTcring from exophthalmic goitre as it is in 
others or the condition of the bones may not have 
been (letermincd with a sufficient degree of accuracy 
in my cases. 

In a number of cases <if fracture in which union 
failed to take i>hKv promptly wc have administered 
thyroid extract but it is inipo.'isible to determine 
posilivcly whether this rcnieily delinitely influenced 
the hcalin;.^ of these fractures. 

General Appearance of Patients Suffering from 
Exophthalmic Goitre. Patients siitTeritiL' from sim- 
I'lc ^'oiire need I'ot be especially deserihed because 
the londilion is so aiiiiarent that it will rciiuire 
no especial description to enable even tJie least 
exi>er;eT'eed physician to recognize the condition. 
The following- 'iihistrations. X-y^. 7 and Fii,'. S. will 
be irtrodueed sin]>ly for the puri^ose of com- 
p;iri>op. As regards th.e size of th.e swellini,'. it niay 
be so ~^\v.id\ as to be scareely peree]>tible and it 
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may be necessary to palpate the neck in order to 
discover any abn.3nnal condition or again in case 
the growth :s retrosternal it may beojme necessary 
to have the patient go through the act of swallow- 
ing in order to make the enlargement apparent 
when it n=e5 with the remaining portions of the 
th>To:d ^lan-i which may not be enlarged. 

Fr'^rr. this size :: n-^y var\" in other cases to an 
enormous pr:pcn;jn. Fig. 9 and Fig. 10 illustrate 
one o: these case; in which the giand when removed 
weighed six pounds and fourteen ounces after the 
bloo-i h^d dra-nel away. 

Tne gro'^'-th n".a2.' ':-* ses=:Ie with a broad base as 
sho^Ti in F:i- '.' or it n'.a} be narrower at the base 
with its greatest t>jrti:r. pro;ecting dov.-n over the 
chest, or it n'.ay arise :r:n". one lobe an-! te pedun- 
culated. In fact the ^welling ntay tai:e upon itseh" 
a lar^e variety o: fomts and the- size n".ay var\ 
enormously. It := surprising how large a goitre a 
patient will tcja-ionally carr>- a:x.ut v.-ithc-ut seek- 
ing relief front surgical interference. This was true 
especially in tl-.e pr,'rt:ons of Switzerland in which 
goitres are endentic before Kocher popularized the 
operation of th>To:dectomy. In some instances the 
growth rxrcom.es so large that the patient has to 
improvi.se a form of bandage which contains a 
pouch in front into which the goitre fits and a broad 
band behin--: to Vxr buttoned around the neck s-^ 
that the weight of the tumor is supported partly 
from the back of the neck instead of pulling raitirelv 
on the front. F'/rtunately ff/r the patients the old 
fear of operat'on no longer exists and consequently 
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relief is usually obtained before so advanced a con- 
dition has developed. 

In exophthalmic goitre the size of the goitre is 
rarely an inaportant feature although occasionally 
one encounters large goitres in connection with this 
disease. The striking feature in the appearance of 
these patients is the prominence of the eyes which 
may vary from a scarcely perceptible prominence to 
an actual protrusion which may be so marked that 




the eyeball may actually be dislocated from its 
socket so that it hangs down upon the cheek. 

I have personally encountered but one case in 
which the condition was so extreme l>ut many cases 
have been reported and I have encountered a num- ' 
ber of cases that approached this condition. Fig. i 
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11 approaches this degree of protrusion. In this 
case the goitre itself is of considerable size while in 
Fig. 12 we have quite a marked protrusion of the 
eyes while the enlargement of the thyroid is scarcely 
perceptible from a distance. The same is true in 
Fig. 13 in which the condition is shown in profile. 

Figures 14, 15, 16, show various degrees of pro- 
trusion but in cases like these there is no difficulty 
in recognizing the condition. It is in cases like the 
one shown in Fig. 17 in which neither the exoph- 
thalmos nor the goitre is prominent that the con- 
dition is likely to be overlooked. 

Complications. Aside from the conapUcations 
which have been mentioned in connection with the 
discussion of the major, minor, and incidental 
symptoms exophthalmic goitre may be complicated 
with all diseases which a person can acquire who is 
not suffering from the condition and conversely 
aside from the fact that a patient with slight re- 
sistance is more likely to suffer from diseases in 
general, it may be said that a patient suffering from 
exophthalmic goitre is no more likely to suffer from 
any complication than any normal person. 

Contagious and infectious diseases have not been 
mentioned frequently in connection with this disease 
but this may be accounted for by the fact that these 
patients are not likely to be exposed to contagion 
or infection. An exception should be noted in the 
fact that relatively a considerable number of these 
cases suffer from tuberculosis. 

All other diseases have been mentioned but it is 
clearly not necessary to enumerate these separately. 
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It is, however, exceedingly important to bear in 
mind the fact that the presence of any other disease 
does not exclude the possibility of its complication 
with exophthalmic goitre and also that this is a 
grave complication at all times and one that will 
require especial attention. An example of the im- 
portance of this element will become apparent upon 
studying the report of Gautiers, of Geneva, who 
found that symptoms of exophthalmic goitre fre- 
quently develop in apparently latent cases upon the 
administration of iodide of potassium. The use of 
this drug is of course especially contraindicated to- 
gether with the use of thyroid extract in cases which 
were suffering primarily from simple goitre but in 
whom exophthalmic goitre developed later. 
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strued to mean that all of these methods are useless 
and that the patients should be at once referred to 
the surgeon for operative treatment. This conclusion 
would, however, be quite as wrong as it would be 
for an ijitemist to conclude that because the few 
cases he has referred to a surgeon have died follow- 
ing the operation, therefore sui^ical treatment is 
always contraindicated. 

The facts are as follows: More than one-half of 
all cases of goitre will recover imder careful dietetic, 
hygienic and medicinal treatment which must consist 
in drinking an abundance of good water which can 
always be obtained in regions where goitre is ende- 
mic by distilling it, by carefully regidating the diet, 
by correcting the conditions of ventilation in homes 
and especially in sleeping rooms, by insisting upon 
an abundance of sleep and upon an absence of ex- 
citement and of mental and of physical fatigue. 

So far the treatment refers as well to simple as to 
exophthalmic goitre. 

In simple goitre the application of a non -irritating 
absorbable iodine ointment to the neck seems to be 
of considerable benefit. Internally general tonics 
are of undoubted value and from 3 to 5 grains of a 
reliable thyroid extract given from three to six times 
daily seems to Have a specific value. 

It should be borne in mind that many of the 
preparations of the thyroid gland in the market are 
perfectly inert because these have been deprived of 
their active elements by some faulty process in the 
manufacture. It is consequently important to use 
only tested products. 
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In case of simple goitres that do not yield upon the 
treatment just outlined it is well to inject directly 
into the substance of the gland ninety drops of a 
five per cent, aqueous solution of pure carbolic acid, 
a method introduced and practiced for many years 
by Professor Moses Gunn. It is important to pre- 
pare this solution carefully by mixing the carbolic 
acid with boiling water because when mixed with 
cold water small globules of the strong acid may 
_ continue to float in the solution and these will cau- 
terize the tissues with which they come in contact. 
This treatment is to be repeated once each week. 
When more than one lobe of the gland is involved 
the different lobes should be injected at successive 
treatments, until all of them have been so treated 
when two or three of the lobes may be injected at 
each treatment. If the patient shows marked vertigo 
or if the urine becomes dark and cloudy the quantity 
injected should be reduced. It is, however, but rarely 
necessary to reduce the quantity. In order to deter- 
mine the fact that the injection is actually made into 
the gland, the patient should go through the effort 
of s\\"allowing before the contents of the syringe has 
been discharged after the needle has been plunged 
into the enlarged gland. If the needle is in the proper 
position the syringe will rise with the act of swallow- 
ing. It is well for the patient to lie down for a few 
moments after the injection has Ijeen made because 
there is frequently a little vertigo directly after the 
solution has been injected into the gland. During 
the administration of many hundreds of these in- 
jections, I have never seen any harmfid effects. 
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In cases which can be cured by this method, there 
is usually a marked improvement by the time the 
patient has received from six to ten injections. In 
the meantime the treatment vnXh tonics, thyroid 
extract and hygienic and dietetic methods should be 
continued. In many cases in which the latter treat- 
ment alone without the injections made no impres- 
sion the patients have recovered fully after this 




treatment was added. It sceni-s impnrtaiit to insist 
upon the use of distilled or pure sprinj; water in all 
patients who eontirue to live in the vicirity in which 
they acquired the <ioitre. 

In simple goitre in repion.s wiiere this disease is 
not endemic fully fifty ]x?r cent, of all cases will re- 
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cover by the use of hygienic, dietetic and medicinal 
treatment and more than one-haU of the remaining 
cases will recover if the injection treatment is added 
to the other treatment. The remaining twenty-five 
per cent, will resist every form of treatment except 
excision which will be considered later. In countries 
where goitre is endemic these methods seem less 
useful probably because it is so much more difficult 
to eliminate the exciting cause. Electricity has been 
employed in the form of x-ray exposure and by the 
application of practically every form of this agent, 
Undoubted improvement has been noted in patients 
subjected to this form of treatment but it is diffi- 
cult to determine just how much can properly be 
attributed to the action of the electricity and how 
much should be attributed to the benefits from 
concurrent diet, hygiene and medication. 

The cases that do not yield to any of these forms 
of treatment should then properly be considered 

_ surgical in character and should receive relief through 
operative interference provided the patient suffers 
because of the presence of the deformity or because 
of obstruction to breathing or swallowing or discom- 
fort from pressure either because of the location or 

• the size of the goitre. 

That there is a certain proportion of cases of simple 
goitre which will not yield to any form of non- 
surgical treatment there can be no doubt and it is 
this class of cases that come under the observation 
of the surgeon after all other means have been tried 
and which gives him the impression that none but 
surgical treatment is indicated for the relief of 
patients suffering from goitre unless he is in a po- 
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sition to observe the much larger proportion of cases 
also which never come to his department because 
non-surgical treatment has eliminated them. The 
varieties of non-exophthalmic goitres which are most 
likely to yield to non-sui^ical treatment will be con- 
sidered further with the discussion of the pathology 
of goitre. 

The reason for discussing the medical treatment so 
briefly is of course apparent but I \\-ish to be em- 
phatic in stating that all non-malignant and non- 
traumatic diseases of the thyroid gland should first 
be considered medically because with the rise of 
thyroid surgery it would otherwise be certain that 
many patients would be subjected to operative treat- 
ment quite unnecessarily. More than one-half of all the 
patients who have come to me for examination dur- 
ing the past t\\'cnty years have rcco\XTC(l promptly 
upon the use of non-surgical treatment and the 
proportion i>f c-ascs that are curable withfjut upcra- 
tion coming U> the surgeon for a<h-icc must neces- 
sarily lie mufli smaller thaii that coining U< tlie 
internist for the same ]>uTiiuse. It is dnulitful wJicther 
one could cnine ujxm some perm;nieiu-y ol cure lol- 
knving tlie nun-surgical treatment of these cases in 
countries where goitre is endemic. 

That the results of non-sur,ncril treatnu^nt arc 
permanent where they are primarily etTecti\'e in 
this vicinity. I have had an abundance of opjiort unity 
to confinn. because T lia<l the care of many of tliese 
cases wiulc serving as the assistant of [*rof. Mo-ses 
C.unn, who introduced the carbolic acid ireatment, 
and I have followed many of these eases for ;, pc-rio<l 
of l\vcn1v-flvi> years. It w.iuld be interesting l<i fol- 
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low these cases statistically in some of the great in- 
ternal clinics but I have failed to encounter any 
important records. It seems that no one has followed 
these cases after their recovery for the purpose of 
reliable statistics to compare with the results ob- 
tained in cases treated surgically. 

Non-Surgical Treatment of Exophthalmic Goitre. 
The use of rest especially as well as other hygienic 
and dietetic measures applies even to a greater 
extent to the non-surgical treatment of exoph- 
thalmic goitre than to the treatment of simple 
goitre. There are, ho\\'ever, two v^ry distinct differ- 
ences. It is far more important that these cases be 
subjected to early surgical treatment in case the non- 
surgical treatment proves futile than is the case 
with simple goitre. In exophthalmic goitre prolonged 
non-surgical treatment in cases in which there is no 
improvement always results in serious degenerative 
changes. These progress to a point at which surgical 
treatment is no longer possible because the patient's 
power of resistance has been dissipated to a hopeless 
degree so that a fatal result must be expected after 
an operation. Or thejjatient may still have a sufficient 
degree of resistance U> recover from the operation 
which may serve to stop the progress of the disease 
so that there is no further degeneration of any of 
the tissues which suffered as a result of the thyroid 
poisoning before the operation, but the degree of 
degeneration may have advanced so far that the 
power of recuperation may Ije entirely or almost 
entirely lost. Such cases may continue to live for 
many years following the removal of the diseased 
gland without any increase in symptoms which 
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would indicate that the thyroid poisoning is still 
active but they will remain weak. If they are de- 
pendent upon their own efforts for their support 
they invariably become public charges. If they have 
independent means they are usually extremely un- 
happy because they are not able to follow the pur- 
suits or pleasures which they enjoyed during their 
lives before acquiring exophthalmic goitre. Even if 
surgical treatment is employed early there is usually 
not a complete recovery according to the investiga- 
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tions of Landstrum. Althoug'h the patients may be 
apparently quite well a careful examination of the 
heart will usually demonstrate at least a slight 
defect. 

Treatment. Rest is the most important element 
in the treatment of exophthalmic goitre and in the 
after-treatment following operations, and it should 
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be borne in mind that this refers qmte as much to 
mental and emotional as to physical rest. 

The mental condition of these patients often 
causes them to become intensely interested in social 
or religious affairs or in other matters such as litera- 
ture or music. I have encountered an instance in 
which the patient, a delicate woman, became almost 
insanely interested in card playing. The particular 
subject in which these patients waste their energies 
is probably largely accidental and due to environ- 
ment but it is equally harmful and must be stopped 
without making too severe an impression upon the 
patient's emotions. In post operative cases this is 
plainly much easier of accomplishment than in cases 
that have not been operated. That it is of the very 
greatest importance to secure rest for these patients 
there can, however, be no doubt. This must be in- 
sisted upon for many months after the patient has 
apparently recovered without regard to the mode of 
treatment that has been employed in any given case. 

Such patients should be guarded as much as 
possible against severe sudden or continued strains 
that can be avoided V)ut that must be accepted in 
the life of other persons. This would apply especially 
to pregnancy which has resulted in a lai^e propor- 
tion of abortions according to Schmauch and in the 
death of a considerable number of mothers, although 
according to Charcot, the survivii^ mothers are 
likely to recover from the exophthalmic goitre. 

Specific Medication. In a condition which is 
clearly due to a definite poison circulating in the 
blood, the treatment must logically consist either 
in removir^ the source of the poison, thyroidectomy. 
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or in the introduction of some medium which will 
make this poison harmless after it has been intro- 
duced. A number of attempts have been made to 
find a substance which will have a neutralizing effect 
upon this poison. Moebius has introduced the serum 
of thyroidectomized goats known as "antithso-oidin," 
which is administered internally in doses of from 20 
to 60 drops every eight to tw-elve hours at first reg- 
ularly and later at intervals of several days. Much 
stress has been laid upon giving a meat free diet con- 
sisting mainly of vegetables, fruits, eggs and milk 
andthattheuse of table salt be reduced toaminimum. 

Beebe and Rogers have prepared and administered 
a serum which in early cases has given good results 
when used in connection with rest, hygiene and 
proper diet. This serum seems to be of especially 
great value in acute cases with very severe symptoms. 

Forschheimer highly recommends the use of hydro- 
bromate of quinia in doses of five grains, administered 
four times daily in gelatine coated pills, either witli 
or without the addition of one ^rain of crgotin. He 
has usually observed improvement within 4y hours 
after l>eginning tliis treatment, whicli he continues 
until the patient is normal. He has observed cures 
within three months from the beginning of the treat- 
ment while in one case he continued the treatment 
uninterruptedly for a jxTiod of three years. The 
patient recovered without experiencing any harmful 
eft'ects from the use of the remedy. In case a patient 
does not improve from the use of the quinine hydro- 
bromate in iorty-eight hours he adds one grain of 
ergotin to eacli dose. 
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He has observed the following effects of this treat- 
ment: 1. The tachycardia disappears. 2. The 
thyroid gland diminishes in size. 3. The tremor and 
the exophthalmos diminishes and later disappears. 
The first change usually takes place within 48 hours 
after beginning the treatment which must be con- 
tinued until all symptoms have disappeared. In 
nine out of twelve patients of fully developed cases 
the treatment was entirely successful, the failures 
were in the very violent forms primarily or in foud- 
royant relapsing cases. In forty-five cases of all 
varieties of severity treated by this method tliere 
were five failures. 

A large number of otlicr drugs have been recom- 
mended and discarded which cannot be discussed. 
Kocher has used sodium phosphate with the hope 
of stimulating elimination. 

It seems reasonable to hope that at some time a 
remedy may be introduced which will thoroughly 
neutralize the thyroid poison in the blood. It is 
possible that in favorable cases this is accomplished 
by the hydrobromate of quinia. 

In the meantime it will be necessary to remove the 
cause in a large proportion of these cases by perform- 
ii^ thyroidectomy. 

Iodine. For many years the internal and external 
use of various forms of iodine as well as the hypo- 
dermic injections into the enlarged thyroid gland in 
simple hypertrophy has obtained so fixed a position 
in the minds of practitioners of medicine that it has 
been difficult to impress upon them the fact that in 
exophthalmic goitre this, remedy is almost always 
certain to do harm although it may cause the goitre 
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to decrease in size. The manner in which patients 
become worse is by an increase of the hyperthyroid- 
ism and with this the increase in all of the important 
symptoms of exophthalmic goitre but especially the 
heart symptoms. 

Lanz, and many of his followers, have claimed 
constant improvement in patients who lived lai^ely 
on milk from thyroidectomized goats. This would 
virtually represent another form of serum therapy. 
Many other oViservers have reported improvement 
from the use of a liberal diet of milk either alone or 
with other food. 

Thymus gland has been given in the hope of ob- 
tainii^ in this manner a kind of antibody. The re- 
stdts do not seem to have been encouraging. 

Strophanthus, belladonna and arsenic are mention- 
ed by most authors but discredited by more. Re- 
liable statistics are lacking with all of these. 

Thyroidectomy. General Considerations: Within 
a quarter of a century this operation has changed 
its position entirely in the minds of the surgical pro- 
fession. At the beginning of this period, it was looked 
upon as one of the most dangerous of all major oper- 
ations and at the end of this short space of time, we 
look upon it as one of the safest of major operations. 
This change is due largely to the skill and genius of 
Professor Kocher whose enormous experience en- 
abled him early to speak with authority upon this 
subject, pointing out methods, recognizing dangers, 
simplifying techntc and in thyroidectomj'' for ex- 
ophthalmic goitre pointing out the importance of 
operations in repeated stages doing at any one time 
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only as much as the individual patient under con- 
sideration could safely bear. 

His views have been supported on all sides by 
surgeons whose wide experience has insured excel- 
lent surgical judgment. 

Dangers of Thyroidectomy. The follo%ving dan- 
gers of thyroidectomy should not be overlooked 
1, anffisthesia; 2, shock; 3, hEemorrhage; 4, hyper- 
thyroidism; 5, infection; 6, recurrent laryngeal nerve 
injury; 7, injury to parathyroid glands; S, air em- 
bolism; 9. collapse of trachea and consequent as- 
phyxia. 
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ANAESTHESIA. 



Accidents from anesthesia have not been 
uncommon during operations upon the thyroid 
gland. There are several reasons why this should 
be the case. In many of these cases respiration 
has been impaired for a considerable period of 
time before the operation so that even during sleep 
the patient has felt the necessity of being prepared 
for emergencies of asphyxiation so that the sleep 
has become habitually light. Under deep anesthesia 
the patient is no longer able to use his muscles to 
guard against this difficulty and before the anaes- 
thetist notices anything wrong the patient may be 
in serious trouble. Moreover, llic operation is at a 
point where the anesthetist can readily watch tiie 
work of tlie surgeon unless some precaution is used 
to prevent this and consciiucnily the administra- 
tion of the anesthetic may not receive as close at- 
tention as is proper. Again, especially in cases of 
exophthalmic goitre the heart has suffered very 
severely as a result of the disease ami consequently 
the toxic effect of the anesthetic is more serious than 
in other cases. The manipulations in form of pressure 
and traction upon the trachea ami larynx often in- 
crease the flow and accumulation of mucus which 
interferes with respiration. Many authors, especially 
Landstrom, consider general anesthesia tlic greatest 
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danger in operations, especially for the relief of 
exophthalmic goitre and they consequently insist 
upon operating only under local anaesthesia. Moebius 
on the other hand thinks that the harm done the 
sensitive nervous system of these patients is much 
greater than the harm of a carefully administered 
anesthetic. Crile also points out the fact that mental 
excitement greatly increases all symptoms and that 
consequently local anaesthesia should not be prac- 
ticed. 

Remedies Against Dangers from Anaesthesia. In 
many cases it is wise to give the patient a hypo- 
dermatic injection of one-quarter ofagrainof morphia 
and one one-hundredth of a grain of atropine half 
an hour before operation. 

There arc two n^ethods which may lie employed 
to prevent difficulties from this source. 

1. Local anaesthesia. In order to use local anjes- 
thesia successfully it is necessary to have a iunni.)er of 
hypodermic s>Tingcs which can be sterilizetl and 
which are in good working condition. The solution 
to be used should l>e freshly prepared and sliould of 
course he sterile. 

All preparations should be made quietly and with 
as little annoyance or excitement as possil:)le for the 
patient. 

Unless the patient's confidence can l>e gained be- 
fore the administration of the local anaesthetic is 
begun, it is much better not to attempt it because 
the patient will imagine that she is suffering and 
this will be of almost as much harm to her as actual 
pain. It is consequently especially important if local 
aniesthesia is employed in operations for exophthal- 
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mic goitre that this condition be achieved. This is 
very largely a personal matter. Many surgeons have 
the full confidence of their patients in all of their 
undertakings and for them it is not a difficult matter 
to employ this method. 

Moreover, in institutions in which many of these 
operations are performed patients encourage each 
other and the new arrivals are impressed with the 
, fact that it is really a very simple matter and when 
they have once become convinced of this fact, it is 
an easy matter to carry out any plan. 

Choice of Anaesthetic. Cocain in one per cent. 
solution has been used in many cases or to this may 
be added one-half per cent, of adrenalin chloride 
(1 to 1000). This is preferred by many surgeons be- 
cause it reduces the amount of oozing of blood from 
the wound surface during the operation. Landstrom 
condemns the use of adrenalin because he has ob- 
served severe hasmorrhage after its effect upon the 
tissues had worn off. 

A two per cent, solution of novncain has been 
recommended by otliers and again others recommend 
the use of a one-half per cent, sokition of beucaine 
which is a synthetic preparation which does not 
degenerate upon boiling. If adrenalin is used in 
connection with this preparation, however, it must 
be added after boiling has been completed. The ad- 
dition of adrenalin chloride to beucaine makes the 
anaesthesia last from four to eight times longer than 
beucaine alone which is active for about fifteen minutes. 

All of these substances should be dissoh-ed in 
normal salt solution; eight parts of sodium cliloride 
in 1000 parts of distilled water, sterilized by boiling. 
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A syringe armed with a fine needle filled 
with any one of the above solutions is employed. 
The needle is inserted into the skin at any point 
along the proposed line of incision, enough of the 
solution is forced into the skin to form a bleb 
one c. m. in diameter. Then the needle is pushed 
on into the skin along the proposed line of incision 




and more of the fluid is forced into the sicin until 
the entire line of incision forms a continuous row 
of blebs from one to two c. m. in width. A small 
puncture is now made in the line of incision with a 
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large sharp needle, a Hagedom being preferred, or a 
fine, sharp narrow-bladed scalpel, and now the sharp 
needle of the syringe is exchanged for a long, blunt 
needle with an opening on the side near its distal end. 

This needle is introduced through the needle 
puncture and passed upwards along the inner border 
of the stemo-mastoid muscle and f, small amount of 
the fluid is forced into the tissues along the course of 
the needle. With a little practice it is possible to 
anaesthetize the tissues so thoroughly that there is 
absolutely no pain upon making the skin incision 
and this will give the patient much confidence so 
that if the remainder of the operation is carried out 
with a sufficient amount of gentleness, tlie amount 
of suffering will be at least bearable and will soon be 
foi^otten after the operation is completed. 

It is this enforced gentleness in the manipulation 
of the tissues during the operation which is really 
of the greatest value to the patient because the 
I>aticnt cannot and will not sulmiit to the violent 
manipulations which the .surj^con might inflict upon 
tiio tissues were the patient under tlic influence of a 
general anavstliesia. Surgeons who arc Jiabitually 
violent in their tccimic will undoubtedly have better 
results if they make their tlijToidcctomies under 
local ana'stliesia. 

The ojjeration may also l)c performed under kica! 
anaesthesia by means of Schleich's infiltration with 
very weak solutions but the tissues appear so un- 
natural as a result of this infiltration that the diffi- 
tultics are t^rcatly incTease<l. 

M()reii\-i_T. the \\oun(ls seeni to be niucli more pain- 
ful after tlic cfVect of this local anx'Sthesia has dis- 
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appeared than after operations performed under 
general anesthesia. 

For several years the fact that K6cher had per- 
formed so large a number of thyroidectomies with 
local anaesthesia and that others notably Landstrom 
had attributed a large proportion of the mortality 
following this operation to the use of general anses- 
thesia has caused many of the more recent authors 
to treat the question of aneesthesia in these cases 
as settled in favor of local anesthesia. The following 
facts shoxJd, however, not be overlooked ; first, that 
real harm is done to the patient by the mental strain 
due to undergoing an operation without being un- 
conscious as pointed out, particularly by Crile, and 
Moebius, and second, the fact that in Mayos* Clinic 
and in Crile's and in my own, general anaesthesia has 
been practiced in a much larger number of cases 
of thyroidectomy than local anesthesia has been 
employed in any other clinic with the exception of 
Kocher's, and that we have had a mortality quite 
as low as the lowest that has been recorded in the 
clinics where local anaesthesia is being practiced. 
Of course, it should be borne in mind that careless 
general anesthetization must be absolutely con- 
demned in these cases. I would also add that probably 
no genera] anesthetic except ether and that only 
when given by the drop method, is at all safe in 
exophthalmic goitre. It may be an advantage to 
precede tlie administration of ether by the hypo- 
dermatic administration of one-fourth of a grain of 
morjiliine and one one-hundredth of a grain of 
atropine. 
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Ether Anaesthesia. It has been found that all 
patients not suffering from asphyxia at the time of 
operation do well if ether is administered in the fol- 
hng manner: 

After protecting the patient's eyes by the appU- 
cation of a piece of guttapercha tissue covered ex- 
ternally with a thick layer of cotton, an ordinary 
wire mask such as is usually employed in the admin- 
istration of chloroform, is covered with four to six 
layers of gauze or two layers of rather thick stockin- 
ette material. This is placed over the patient's nose 
and mouth, then the aneesthetist begins to count and 
requests the patient to repeat the numbers after him 
slowly. The anaesthetist repeats some number with 
three figures slowly, after the patient has repeated 
this number the ansesthetist repeats the next number 
either upwards or downwards and the patient again 
repeats this. This plan is continued until the patient 
has been very thoroughly anaesthetized, the ether 
being dropped slowly but constantly upon this mask. 
By using this open mask there is never any danger 
of asphyxiation. By following this particular plan 
of counting, the patient's attention will be fixed 
upon the anaesthetist's voice. While the ansesthetist 
repeats the next number of three figures the patient 
has sufficient time to thoroughly fill his lungs by 
taking a deep inspiration. He does this uncon- 
sciously and unintentionally in the preparation for 
repeating the next number. While he repeats this 
number of three figures he unintentionally exhales 
fully and is in condition again to fill his lungs thor- 
oughly by the next inspiration. Ordinarily this will 
result in from eight to twelve inspirations per minute. 
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The regularity and monotony of the performance 
has an excellent effect upon the patient's nervous 
system and in presence of a rapid pulse there is 
usually a marked improvement in the character of 
the pulse by the time the anaesthesia has been com- 
pleted. In fact we have observed a marked differ- 
ence in cases in which this method was employed 
and in those in which the patient was directed to 
count independently from one upwards. The patient 
should always be completely anaesthetized before 
she is disturbed by washing the field of operation 
preparatory to b^innii^ the operation. If the 
patient is disturbed before full anaesthesia has been 
reached, a stage of excitement is likely to be caused 
which will necessitate the use of amuch larger amount 
of the anesthetic before full anesthesia has been 
reached. 

After the patient is fully anaesthetized, the neck 
which has been carefully prepared the previous 
evening is again washed with alcohol. A piece of 
gauze saturated with alcohol is placed over the 
neck, the towels and sheets separatir^ the field of 
operation together with a considerable portion of 
the surrounding area from the remaining surface 
of the body are then adjusted. This requires but a 
few moments, during which time the administration 
of the ether is continued. 

Whenever everything is ready for the operation 
to begin the ether mask is removed and a pad com- 
posed of eight layers of sterile gauze is placed trans- 
versely across the face thoroughly covering nose 
and mouth and preventing the patient from breath- 
ing or coughing into her own wound. 
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The lower end of the table is now depressed from an 
angle of 30 d^rees to 45 degrees so that the patient 
is in the inverted Trendelenburg position. This re- 
sults in a sufficient cerebral anaemia so that the 
operation can be readily completed without the ad- 
ministration of any additional anaesthetic. This 
position has the further advantage of reducing the 
hemorrhage to quite a marked extent. In order 
to keep the respiration unobstructed an assist- 
ant lifts the lower jaw forward so that the 
lower incisor teeth become engaged in front of the 
upper ones. At the same time he holds the gauze 
pad in place as shown in Fig. 19, so that there can 
be no infection from the mouth or nose. A small 
pillow placed under the patient's shoiilders causes 
the anterior surface of the neck to become prominent 
and the traction by the assistant exaggerates this 
at the same time that it facilitates the patient's 
breathing. 

There are several very distinct advantages in ad- 
ministering the anaesthetic in this manner. 1. The 
patient is relieved of all nervous and mental irritation 
and depression. 2. The amount of ansesthetic re- 
quired is exceedingly small. 3. The heart's action 
improves under this form of administration of etliei. 
4. The administration of ansesthetic having ceasetl 
before the operation is started, the smgeon can con- 
centrate his entire attention upon the operation 
itself, o. There is no possibility of infection from 
mouth or nose or by the anassthetist during the oper- 
ation. 6. The patient exhales so much of the etiier 
taken before the operation is completed that nausea 
and vomiting practically never occur. 7. U^xin 
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lowering the head at the completion of the operation 
the patient awakens fully almost immediately. S. It 
is usually possible to give these patients sips of hot 
water to drink shortly after the operation which is 
an advantage after operation for exophthalmic 
goitre. 9. These patients do not inspire mucous 
which is often very troublesome when the anaesthetic 
is continued throughout the operation. 10. They are 
able to sit up at once when they return from the 




Fig. 10. lateral vien of patient iLnaesthctlEcd and in noaJIJon 
to begin operalion. A nillow has been placed under the shoitldcrs in 
order to extend the neck. The nasislant holds the jaw forward, ex- 
tends the neck and holds the ^auie pad covering the patient's mouth 
and nose. The patient's hair is carefully covered by a towel (b) and 
the hody is covered completely with u alerile sheet and towels, iinly 
the neck beiiiR exposed. 

operating room which still further protects them 
against bronchitis and pneumonia. 

It seems important to be thus explicit because 
when these details are carried out one of the greatest 
ilifficulties in the way of thyroidectomy for the re- 
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lief of exophthalmic goitre is eliminated in a very 
safe and simple manner. One point must be insisted 
upon which might readily be overlooked, the task 
of liftii^ the patient's jaw forward must be entrusted 
to a reliable, intelligent and trained assistant and 
not to any one who may accidentally be available and 
is unfit for any other duty. In one instance, I have 
observed an almost fatal asphyxia because this 
assistant relaxed his hold upon the lower jaw after 
the gland had already been removed. This permitted 
the toi^ue to fall back into the pharynx and to ob- 
struct the respiration completely. The sui^eon did 
not know this had happened until he noticed a 
deep cyanosis in the flap. Then he immediately 
drew forward the tongue, lowered the head of the 
table and performed artificial respiration. Fortu- 
nately the patient had not advanced in her disease 
to the stage of advanced myocarditis, a condition 
so commonly found in connection with exophthalmic 
goitre and consequently the patient recovered which 
would have been quite unlikely in a more advanced 
case. 

Rectal Anaesthesia. The advantages of this 
method must be apparent if further experience does 
not show haimful efifects. 

The following advantages are claimed for the 
method by those who have employed it. 

1. The amoimt of ether employed is very much 
smaller than by the inhalation method. 

2. There is no stage of excitation. 

3. There is no irritation of the respiratory mucous 
membranes. 
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4. The aiuesthetist does not approach the field 
of operation. 

5. Besides being out of the way he also is unable 
to infect the wound. 

6. The patient awakens almost at once after the 
anesthetic is stopped. 

7. There is said to be less nausea and vomiting 
probably because the patient has not swallowed 
quantities of mucous saturated with ether. 

8. There is no depressing effect upon the heart. 
It is, however, to be remembered that all of these 

advantages are also obtained if the method is em- 
ployed which has just been described of thoroughly 
anassthetizing the patient by the inhalation method 
and then stopping the anaesthetic and elevating the 
head during the operation. 

Method of Application. It is most important 
that the colon be empty at the time of administra- 
tion of ether by rectum, because the presence of 
fcECes will prevent the rapid absorption of ether and 
the openings in the tube through which the ether 
fumes are introduced, may become clogged and thus 
the introduction in sufficient quantities may be pre- 
vented. 

In order to secure an empty colon, two ounces of 
castor oil, preferably in beer foam, should be given 
twenty-four hours before the operation, twelve hours 
later the patient should receive a large cleansing 
enema of soap suds and normal salt solution and the 
latter should be repeated three hours before the 
operation. In the meantime, no food should be given 
except broths and gruels in order that there may not 
be any fresh accumulation. 
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Technic. The patient is placed upon the table 
the surface of the neck thoroughly prepared and 
then covered with a piece of sterile gauze saturated 
with alcohol. The hair is covered and a gauze pad is 
placed across the mouth and nose as described in 
Fig. 19, in fact the preliminary preparation is 
identical with that employed if the operation is 
to be performed under ether ansesthesia by inspira- 
tion. An assistant also draws the lower jaw forward 
as described above, and holds it in that position 
throughout the operation. 

An ordinary soft rubber rectal tube with an opening 
at the end is then introduced into the rectum slowly 
a distance of eight or ten inches. The tube should 
be thoroughly lubricated in order to prevent annoy- 
ance by friction. The gas contained in the rectufn is 
thus permitted to escape in order to facilitate the 
absorption of ether. The rectal tube is then attached 
to the tube through which the ether fuines are pLini])- 
ed into the rectum. The colon is then slowly filled 
with ether fumes and then the rectal tube is once 
more disconnected in order that the remaining in- 
testinal gas which was not evacuated primarily may 
escape. This procedure may be repeated several 
times, care being taken that the ether fumes are not 
injected too rapidly for fear of causing too great 
distension or irritation. At first some gas may escape 
along the side of the rectal tube but this can .soon be 
prevented by injecting only just enough gas to fill 
the colon. There may be slight colicky pains at first 
but the patient will soon become accustomed to 
the sensation. If the castor oil and the enema have 
acted satisfactorily, there will be no annoyance from 
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defecation or clogging of the rectal tube. The full 
anaesthesia will occur in from five to fifteen minutes 
and the operation can be performed with the con- 
sumption of from one to three ounces of ether. When 
the operation is completed to the point of suturing 
the external wound, the apparatus is detached from 
the rectal tube and the accumulated gas in the colon 
will be permitted to escape. If the patient is slightly 
conscious of the application of the skin sutures, the 
consequent deep breathing will facilitate the excre- 
tion of most of the ether contained in the blood 
through the expired air. It also facilitates the ex- 
pulsion of any ether fumes which may still remain 
in the colon. This can be further facilitated by mak- 
ing gentle abdominal massage. 

The patient must be observed throughout the 
period of administration with the same care as when 
ether is given through the respiratory tract. Cyanosis 
will almost never occur if the lower jaw is held for- 
ward as indicated in Fig. 19. The pulse and respira- 
tion will indicate the progress of the anesthesia. 
It is rarely necessary to disconnect the rectal tube 
from the apparatus and to make abdominal massage 
to force the ether fumes out of the rectum durii^ the 
operation, but in case of necessity this could be 
readily done. If the head is elevated after the opera- 
tion is begun almost no anaesthetic will be required 
during the actual progress of the operation. 

Apparatus. Various forms of retainers have been 
invented for producing the ether fumes utihzed in 
this form of anaesthesia. A simple deep bottle con- 
structed on the general plan of wash bottles used in 
chemical laboratories seem to suffice perfectly pre- 
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ferably mounted on a stand which can easily be 
moved without breaking the bottle or its attach- 
ments. The bottle contains a rubber stopper with 
two holes one of which contains a glass tube whose 
lower end is even with the stopper and whose upper 
end is attached to a rubber tube which at its other 
end contains a glass tube for attachment to the 
rectal tube. The other hole contains a glass tube 
with bulb-shaped lower end containing many small 
perforations and reaching to the bottom of the bottle. 
■The upper end of this tube projects through the upper 
surface of the rubber stopper a sufficient distance to 
permit the attachment of a rubber tube the other 
end of which is a1;tached to a bulb with which air 
can be forced into the bottle. The bottle should be at 
least thirty centimeters deep so that the air can be 
forced through a considerable column of ether. The 
bottle is filled with ether to a point five c. m. from 
the lower surface of the cork, the upper portion of 
the bottle being left as a gas space. 

This bottle should be immersed in a vessel con- 
taining water at a temperature of from 80° to 100° F. 
according to various clinicians the boiling point_ of 
ether being 98.6 F. A thermometer placed in the 
water is to be added and a stop-cork at the lower 
part will make it possible to remove the water when 
the temperature has become too low. 

According to another method which has also been 
frequently used and apparently with equally satisfac- 
tory results the arrangement for blowing through the 
ether is dispensed with ; a simple flask l>eing employed 
containing a rubber cork fitted with a glass tube 
whose lower end is even with the lower end of the 
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rubber stopper. To the upper end of this a glass tube 
is attached which in turn is attached to the rectal 
tube by means of an intervening glass tube. Some 
surjreons prefer to have this attachment made by 
means of an intervening rubber tube which is fitted 
with a stopcork so that the flow of the ether fumes 
may be interrupted at any time. 

The flask containing the ether is then immersed 
in a waterbath at a temperature of 105° F. which 
will cause ether to evaporate with suflScient rapidity 
to bring about the anaesthesia. In case the amount 
evaporated is not sufficient the temperature may be 
increased. If the evaporation is too rapid, the flask. 
may be raised out of the waterbath either partly 
or completely until it again becomes desirable to 
increase the amount of ether fumes. 

The method is so simple that any one who has 
seen it applied once can readily administer ether 
in this way, but it seems worth while to be explicit 
in the description of this method because it has not 
as yet received practical application to a sufficient 
extent to become familiar by demonstration. By 
substituting a good sized thermos bottle for the con- 
tainer of the warm water, with a rubber cork that 
fits closely around the upper end of the bottle con- 
taining the ether, the apparatus can be still further 
improved because the water will then maintain a 
fairly uniform temperature throughout the opera- 
tion and the slight decrease in temperature will be 
rather an advantage than a disadvantage. 

Spinal Anaesthesia. A few enthusiasts have de- 
scribed methods by which spinal aneesthesia may be 
employed in thyroid operations. It is plain that no 
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one whose judgment has not been impaired by the 
desire to accomplish that which is unusual would 
expose a patient already so severely handicapped to 
the direct application of cocaine to the upper por- 
tion of the spinal cord. I simply mention this method 
to express the opinion that it should never be em- 
ployed in these cases. 

High SpinaT Anaesthesia by the use of StOTaine 
and Neutral Sulphate of Strychnine. During the past 
eighteen months Prof. Thomas Jonnesco has tried 
high spinal analgesia for many different operations 
upon the head and neck in more than 150 cases with- 
out any fataUty and without any serious after effect. 
It therefore seems proper to describe this method, 
although it does not seem wise at the present moment 
to recommend it in operations for goitre as the ex- 
perience is still limited. 

The following directions are taken from Prof. 
Jonnesco's article in the British Medical Journal: 

The Preparation of the Solution. The solution 
must l>e made at the time when the o^xTation i.s to 
be performed as follows: The 'necessarj^ quantity 
of stovaine is introduced into a glass tube ]5rovidc(l 
with an India ntbber stopper, and sterilized in the 
autoclave. The substance need not be sterilized 
since it is itself antiseptic, and some of its properties 
would be destroyed by heat. 

The strychnine solution is made by dissolving ."i 
c. c. of neutral strychnine sulphate in 100 grams of 
sterilized (not distilled) water in a glass-stop] >erod 
bottle previously sterilized; 1 c. c. of the solution 
will contain 5 mg. As the strychnine takes some 
time to dissolve, it is better to prepare this solution 
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a little before the time when it has to be used. With 
an ordinary PravaZ syringe provided with a needle 
for lumbar puncture, 1 c. c. of the solution of strych- 
nine is drawn up and is injected into the tube 
containing the dose of stovaine judged to be neces- 
sary for the puncture about to be made. The tube 
is corked again, and shaken, and the salts are dis- 
solved. The same syringe is then filled with the 
contents of the tube and is held with a sterilized 
compress and removed from the needle while the 
puncture is being made; 3 c. c. of stovaine is the 
usual dose for adults. 

Upper Dorsal Puncture. Upper dorsal pimc- 
ture between the first and second dorsal vertebrae 
is easily performed; the landmark is the vertebra 
prominens with the visible and tangible protuber- 
ances of the spinous processes of the second and third 
dorsal vertebrae. When the patient's head is strong- 
ly flexed, so that the chin touches the sternum, the 
protuberances are very marked, and the spaces 
they bound are enlarged. The patient being placed 
in this position, the surgeon marks with the fore- 
finger of his left hand the space between the first 
and second dorsal vertebrae, and the needle, held 
between the finger and thumb of the right hand, is 
pushed in, following the upper border of the spinous 
process of the second dorsal vertebra. 

The Injection. As soon as the escape of cerebro- 
spinal fluid renders it certain that the arachnoid 
space has been entered, its further loss should be 
stopped, for I am convinced that the escape of more 
than a certain quantity of fluid is rather harmful 
tiian useful. The loss of too much fluid {1} may 
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cause signs of faintness, pallor of the face, sweat- 
ing, etc. ; and (2) by suddenly diminishing the. 
quantity of cerebro-spinal fluid may cause too rapid 
diffusion of the anaesthetic, which is undesirable 
and may be mischievous. As soon, then, as a few 
drops of fluid escape, the needle is closed with the 
forefinger of the left hand, while with the right the 
syringe filled with the anaesthetic mixture is adapted 
to the needle. The liquid must be slowly injected 
so as not to produce an undue impact upon the spinal 
cord. 

Position of Patient after Injection. "The posi- 
tion to be assumed by the patient after the in- 
jection, so as to ensure analgesia of the r^ion to be 
operated upon, is a cardinal point, for by attention 
to it we can favor the distribution of the liquid in 
the desired direction. If with the higher dorsal 
injection it is desired to obtain analgesia of the head 
and neck, the patient is made to lie on his back if 
the operation is to be on the throat, the head .should 
be a little raised; if on the face or skull, he should lie 
horizontally; if on the upper limb or thorax bent 
shghtly forward. If after four or five minutes 
the analgesia of the head or of the neck is not com- 
plete, the patient's head should be lowered below 
the level of the body for three or four minutes." 

Morphin and Hyoscin. A number of surgeons 
have administered from one-sixth to one-third of a 
grain of morphin with one one-himdredth of a gr:iin 
of hyocin hypodennically from twenty to forty 
minutes before beginning the administralinn of ether 
in order to reduce the quantity of the latlcr drug 
required. 
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In the same manner one one-hundredth of a grain 
of atropin has been combined with the morphin for 
the same purpose. There is no doubt but that both 
of these combinations will reduce the amount of 
ether required, but whether this advantage is suffi- 
cient to balance the disadvantage of subjecting these 
patients to the effect of these powerful drugs does 
not seem clear. 
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DANGERS OF OPERATION. 



Shock. Until Billroth and Kocher demonstrated 
the fact that shock can be very largely eliminated 
from this operation, the sui^ical profession laid great 
stress upon this element and this fear has caused 
many surgeons, even to the beginning of the present 
century, to hesitate before recommending this oper- 
ation to their patients. Kocher's statistics and his 
daily demonstrations to surgeons from all parts of 
the world, and again the results of his many disciples, 
have served to dispel this fear. In America, the 
work of C. H. Mayo has served especially to bring 
about similar results more particularly in the sur- 
gery dealing with exophthalmic goitre. If the surgeon 
proceeds systematically with a thorough knowledge 
of the regional anatomy to be encountered in this 
operation, if he is reasonably skillful so that he can 
complete the operation in a comparatively short 
time, if he has the ability of working without un- 
reasonably traumatizing the tissues and if he is 
careful to secure the vessels before they are severed 
in order to minimize the loss of blood, then he need 
not fear the element of shock. To this should be 
added good judgment in selecting the proper time 
for operation especially in exophthalmic goitre. 

Haemorrhage. In connection with prevention of 
haemorrhage we are again indebted to Kocher for 
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the greatest progress. He pointed out the import- 
ance of keepii^ the field free from blood and demon- 
strated a method with the use of his director and his 
reliable hsemostatic forceps by means of which this 
could be very readily accomplished. These will be 
discussed and illustrated in connection with the 
technical description of the operations. 

It is important to bear in mind that the veins are 
usually dilated to many times the normal size and 
that consequently great care must be exercised be- 
cause a tear in the walls of one of these vessels will 
result in the loss of a consiilerable amount of blood. 
Moreover, it is not only the loss of the blood that is 
to be deplored but the fact that the field of operation 
is obscured and consequently the progress of the 
operation is retarded and successive vessels to be 
grasped may be overlooked causing unnecessary 
hsemorrhage. Besides this, Kocher claims that the 
blood itself in these cases has a considerable degree 
of toxicity so that the patients whose wound surfaces 
have been free from blood make a better recovery 
than those in whom the surfaces have been drenched 
with blood. Of course, excessive hasmorrhage always 
increases the shock in three ways: 1, by prolonging 
the operation; 2, by increasing the amount of man- 
ipulation and 3, by the loss of blood itself. 

Hyperthyroidism. Whoever has operated fre- 
quently for the removal of thyroid glands must have 
become impressed with the real danger to the patient 
from postoperative hyperthyroidism due either to 
the absorption of thyroid secretion pressed out of 
the gland and into the circulation during the opera- 
tion or of thyroid secretion or toxic blood absorbed 
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from the wound surface. It seems that all surgeons 
who have operated for many years can recall numer- 
ous instances from the early cases while their later 
experience has been relatively free from this com- 
plication. Moreover, a number of surgeons have re- 
ported a greater number of patients suffering from 
•hyperthyroidism while they operated under ether or 
chloroform anesthesia, than after changing to local 
anaesthesia. It seems clear that under local anaes- 
thesia what might be called violent surgery is not 
possible, because the patient would not submit to it 
while awake even though the tissues might be numb- 
ed to a considerable extent by the use of local 
anaesthetics. It is often difficult, when the patient 
is thoroughly anaesthetized, to conduct every step 
of the operation not only the part accomplished by 
the surgeon but that carried out by the assistants 
without unduly traumatizing the tissues. 

In this connection it may be well to refer to the 
value of drainage for from one to three days after 
the operation. There is usually a considerable amount 
of oozing of blood and serum and where a layer of 
the posterior portion of the gland is left in place to 
protect the recurrent laryngeal nerve and the par- 
athyroid glands there is always some thyroid secre- 
tion that exudes into the wound and it seems well to 
insist upon making some provision which will rapidly 
carry these fluids beyond the absorbing surfaces. I 
have seen violent hyperthyroidism in two of my own 
cases in which it had seemed unnecessary to provide 
for free drainage. I am confident that in both of 
these cases this calamity might have been prevented 
by the use of free drainage to be descrilneil later. 
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Above all things it seems important to be gentle in 
the manipulation of the thyroid gland itself. 
Injury to Parathyroid Glands. A study of the 

discussion of the parathyroid glands in the later 
chapters of this book convinces the reader that in- 
jury of these glands must not occur during opera- 
tions upon the thyroid gland. In the early days of 
thyroidectomy these injuries were numerous as 
shown by the statistics already quoted. As soon as 
the importance of these glands was generally recog- 
nized these calamities virtually disappeared because 
as will be shown in connection with the discussion 
of the surgical anatomy involved, it is an exceedii^ly 
simple matter to avoid injuring tlfese important 
structures. In the meantime it is, however, impor- 
tant always to bear in mind the fact that this is 
really a vital organ from the standpoint of the 
chnical surgeon and'that nothing can be more im- 
portant than a careful study of all that is known 
about this structure. The anatomical position of 
these glands made their removal almost certain dur- 
ing the early operations because they are so inti- 
mately attached to the posterior surface of the 
capsule of the thyroid gland, but it is this very fact 
■which has made it so easy to preserve these glands 
since their importance has been recognized. That 
these glands can be restored by transplantation has 
been demonstrated many times in animals and von 
Eiselsberg, who reports one successful case in the 
human patient, thinks that it is justifiable to 
take a gland from a donor only when one can be 
certain that he has three other healthy glands or 
virtually only in cases operated for cyst of one lobe 
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of the thyroid gland. Pool also reports a most inter- 
esting case and discusses the subject thoroughly. 

Infection. In preantiseptic days this was the 
most feared of all complications because an infectmn 
usually resulted in a septic mediastinitis which in 
turn proved fatal to the patient;. The infection could 
readily extend alon;;; the vessels of the neck into the 
mediastinal space. 

Since the introduction of aseptic surgery this 
danger has practically disappeared in the hands of 
surgeons who are otherwise qualified to undertake 
the operative treatment of goitre. At the present 
time hospitals in which such operations are perform- 
ed are so perfectly equipped and assistants and 
nurses are so thoroughly trained that infections from 
implements, instruments, spor^es, dressings and the 
hands of operator or assistants or nurses is almost 
impossible. 

There arc two sources which are always present 
which cannot l»e so absolutely eliminated unless es- 
pecial stress is laid upon certain precautions and 
unless the attention of cver>'one is especially directed 
to tliesc details. I refer to the difficulty of j)rotectiiv.,' 
the patient against infection from her own mouth 
and nose and the difficulty one often experiences in 
keeping the surrounding areas togetlicr with the 
ears and hair of the patient thoroughly covered 
throughout the operation to 'prevent infecting souic- 
thing by contact with these parts and later bringing 
the infected object in contact with the wound. 

Unless an intelligent a.ssistant is especially en- 
trusted witli keeping n'.outh and nose cijvercd 
throughout the operation and unless this is his onl> 
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duty with the possible addition of keeping the lower 
jaw forward it may easily happen that the patient 
may cough or breathe infectious matter into her own 
wound. As difficult as it may seem to protect the 
patient against incidental contact infection so easy 
it becomes when all details have been systematically 
arranged. 

It is not at all important that these details be uni- 
form in the work of different surgeons but it is ex- 
ceedingly important for each sui^eon to develop 
some satisfactory system which is regularly carried 
out in all of his operations upon the thyroid gland. 

Injury to the Parathyroid Glands and the Re- 
current Laryngeal Nerve. This danger is es- 
pecially enumerated only because in the early 
operations upon the thyroid gland it was not at all 
uncommon, which will be readily understood when 
we come to consider the sui^ical anatomy involved. 
Fortunately the same precautions which serve to 
protect the parathyroid glands will serve to prevent 
the injury to the recurrent laryngeal nerve. 

The injury may occur by cutting the nerve at the 
point at which it passes between the posterior sur- 
face of the thyroid gland and the trachea ; or it may 
be caused by crushing with haemostatic forceps in 
attempting to grasp the inferior thyroid vessels or 
their branches. What has been said regarding pre- 
vention of haemorrhage should be repeated here. If 
all the vessels are caught before they are severed the 
field of operation will not be obscured and other 
structures will not be injured. As a result of this 
injury, there is a paralysis of the vocal cord on one 
side which is, of course, a serious matter. 
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Air Embolism. The thinness of the vein walls 
makes air embolism quite unlikely although it must 
of course be borne in mind in connection with this 
as with all other operations which are performed in 
the vicinity of the large veins of the neck. If the 
precautions mentioned in connection with the meth- 
ods advised for prevention of hfemorrhage sire carried 
out there is still less likelihood of the occurrence of 
this accident. 

Air embolism occurs only when a considerable 
quantity of air enters a vein at one time. Usually 
this occurs when the vein walls are cut and the in- 
cision is held open either artificially as by means of 
forceps or by surrounding non-elastic structures as 
in case the vein is surrounded by lymph nodes which 
have been invaded by carcinoma or infected by 
tuberculosis. As these conditions are almost never 
present in cases in which operations upon the thyroid 
gland are indicated this comphcation must be ex- 
tremely rare in connection with thyroid operations. 

Collapse of the Trachea. Almost every surgeon 
who has frequently operated for the removal of dis- 
eased thyroid glands has encountered cases in which 
the trachea has collapsed as soon as it has lost its 
support due to its attachment to the thyroid gland. 
The cartilages of the trachea may become exceeding- 
ly soft and pliable or they may practically disappear 
as a result of pressure atrophy caused by the enlarged 
thyroid gland. The patient then shows immediately 
symptoms of asphyxia. The more violent the efforts 
at inspiration the more complete will be the obstruc- 
tion because the anterior wall of the trachea is drawn 
into the lumen of this tube like a valve an<l the 
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further it is drawn in the more completely wiU the 
valve close the lumen of the tube. If the surface of 
the wound has been kept fairly free from blood one 
can easily see the anterior wall drawn in but if there 
is much blood on the surface of the wound it may 
not be possible to recognize the condition by direct 
inspection. In that case it may be confounded with 
sudden collapse of the patient or if an anassthetic 
has been administered throughout the operation the 
difficulty may be attributed to the anaesthetic; of 
course, the usual methods of restoring the patient 
for collapse due to anaesthesia will be quite useless 
and in the meantime the asphyxia with the weak 
condition of the patient may result in a fatal ending. 
Again, it may occur that a lai^e middle lobe may 
have been lodged behind the sternum and when the 
latter lobe has been severed from its attachments 
posteriorly and externally, but is still attached to the 
middle lobe internally, the traction made may 
carry the middle lobe upward sufficiently to make 
severe pressure upon the trachea just behind the 
upper end of the sternum and this in turn may give 
rise to asphyxia which may be mistaken for the same 
condition due to collapse of the trachea. In order to 
avoid unfortunate results of collapse of the trachea 
it is best to keep in readiness a reliable mouth gag 
and intubation apparatus. If this cannot be employ- 
ed it is well to insert two sharp tenaculae into the 
collapsed portion of the trachea and to draw the 
latter forward. 

If this succeeds in giving relief an apparatus must 
be arranged which will maintain the anterior tracheal 
wall in this position. If this is not possible a longi- 
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tudinal incision should be made as in ordinary 
tracheotomy and a tube, which should always be kept 
in readiness, should be inserted. If no tracheotomy 
tube is available it will be an easy matter to make 
some contrivance which will keep the incision open 
so air can enter freely. 

This opening should be covered with four thick- 
nesses of sterile gauze in order to prevent infection 
which might easily result in pneumonia. If an in- 
tubation has been used this should be removed on 
the fifth day in order to reduce as niuch as possible 
the injury done by the intralaryngeal pressure of the 
tube. If the breathir^ is not free after the tube has 
been removed it is well to replace the latter for two 
or three days when the same experiment should be 
repeated. 
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In many cases there is so marked a degree of pres- 
sure upon the trachea that the patient cannot 
breathe with any comfort. This may be constant 
or it may only occur when the patient is in the re- 
cumbent position. This may be due to a general 
pressure from all of the lobes or the middle lobe may 
contain a circumscribed mass which may press 
directly upon the trachea and may act like a ball 
valve applied to the outside of the tracheal tube fre- 
quently causing the softening of one or more of the 
tracheal cartilages. This is more commonly due to 
pressure from a portion of the middle lobe projecting 
downward behind the sternum. In one instance the 
patient, a young woman, was unconscious as a re- 
sult of asphyxia caused by the condition just de- 
scribed, when I was called to give her relief. Her con- 
dition was so serious that I at once proceeded to 
secure local anaesthesia by injectii^ one per cent. 
of cocaine solution into the skin. The operation was 
performed immediately with the greatest possible 
speed, with the patient in this unconscious asphyx- 
iated condition. No air seemed to pass in either di- 
rection past this obstruction until traction was made 
upon the right lobe which had been freed from its 
attachments when suddenly a prolongation down- 
ward from the middle lobe came up from its location 
behind the sternum. Immediately the patient in- 
haled deeply and a moment later she spoke of the 
remarkable relief she experienced. 

In a number of other instances I have obseT\-cd a 
similar condition to a less marked extent. This has 
been oliscrvcd and described by many other clinic- 
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ians and is certainly well worth bearing in mind as a 
strong indication for surgical treatment. 

In other instances an acute inflammatory enlai^e- 
ment may have the same effect only usually to a 
more marked and also to a more dangerous extent 
because of the oedeniatous condition of the surround- 
ir^ tissues. 

Here again the course of the disease will indicate 
the treatment that should be chosen. If the condition 
shows a tendency to subside undernon-surgical treat- 
ment the latter should be postponed but if the op- 
posite is the case incision of the gland is indicated. 
If a circumscribed abscess is present simple incision 
will cause the condition to subside. If the inflam- 
matory condition has resulted in a diffuse inflam- 
mation it may become necessary to remove one 
lateral or one lateral end and the median lobe. In 
this case it wiU become necessary to perform the 
operation presently to be described, but great care 
must be taken not to disturb the tissues low down 
in the neck in order to prevent infection of the 
mediastinum and very free drainage must be pro- 
vided for. 

The abscess of the thyroid gland may be located 
directly underneath the anterior capsule of the gland 
when it will be reached easily by making an incision 
parallel with and along the inner border of the stemo- 
mastoid muscle over the most prominent portion of 
the swelling. The incision must be carried through 
the skin, superficial-fascia, platysma and through the 
capsule of the gland. If the abscess is in the super- 
ficial portion of the gland all of the tissues underneath 
the skin and frequently even the skin will be found 
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to be cedematous but if it is in the deep portion of 
the gland the first cedema may not be encountered 
until the capsule of the gland has been reached. In 
one instance I have been compelled to advance more 
than one half the distance through the gland before 
pus was reached. 

The patient, a woman, twenty-six years of age, 
who had previously been quite normal suddenly ex- 
perienced severe pain in the region of the right loVre 
of her thyroid gland. When seen a few Iiours later 
there was a slight amount of redness and very slight 
swelling. The right lobe of the gland was exceeding- 
ly tender but there seemed to be no grave symptoms. 
Six hours later severe symptoms of asphyxia ap- 
peared so that she was at once sent to the hospital 
for immediate operation. During a two mile ride 
symptoms subsided and the operation was postponed 
as there was only slight difficulty in breathing. The 
temperature which had reached 1():{° F. remained 
below 100° F. the leucocytosis reached lifiOOO and 
the general appearance of the patient in(Heated tlie 
presence of a considerable de;jrcc of sepsis. On the 
eleventh day after the beginning of the attack the 
patient consented to an incision uiidcr local anaes- 
thesia witli 1 per rent, cocaine .solution. The first 
pus was reached after more than one-half of tlic 
thickness of tlic tIiyroi<l gland had !>eenpenetnite<i. 
Then a necrotic area .'i c. in. wide tjy 2 c. ni. and 
') c. in. deep was exposed. Tilled witli thick ycUuw 
pus atid necrotic gland tissue. 

One interesting feature in this ease was tlic oc- 
currence of severe syncope which recurred se\'er.-d 
times cacli dav during tlie fourth and sixth davs ailvr 
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the beginning of the attack and previous to the 
operation. These attacks were probably due to 
absorption from the substance of the necrotic thyroid 
gland together with pressure upon the trachea due 
to the abscess and to pressure from the surrounding 
codema. After carefully swabbing out the cavity 
of the abscess and inserting a gauze drain the patient 
recovered quite as readily as other cases in which 
the abscesses were located more superficially. 

Indication for Operation in Exophthalmic Goi- 
tre. Aside from the indications just described in 
connection with the treatment of simple goitre the 
following indications should be borne in mind in 
connection with the treatment of exophthalmic 
goitre. 

Whenever improvement in these cases from hy- 
gienic, dietetic and medicinal treatment together 
with rest is only of temporary duration then opera- 
tive treatment is strongly indicated because in these 
cases the prognosis is usually most excellent if the 
suigical treatment is employed before the patient has 
suffered too many recurrences, while the fatal con- 
clusion is usually only a matter of a relatively short 
time depending upon the frequency and severity of 
the attack if non-surgical treatment is continued. 
Moreover, the recovery after surgical treatment will 
be much more perfect if the operatit)n is performed 
before the heart and other organs have suffered 
severely by these recurrent floodings of the circula- 
tion with thyroid poison. In simple goitre it is not 
of much importance except, of course, in the presence 
of asphyxia, but in exophthalmic goitre the element 
of time is very important. 
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Indication for Operation in Malignant Growths of 
the Thyroid Gland. The indications for the re- 
moval of thyroid glands containing a malignant 
growth is the same as in malignant growths in other 
organs. So long as the growth seems to be confined 
to the gland so that it seems reasonably safe to sup- 
pose that it will be possible to prevent a recurrence 
by removii^ the entire growth, the indication is, 
of course, absolute. I have never encountered this 
condition except in cases in which the malignancy 
was diagnosed incidentally during the microscopic 
examination of portions of glands removed for other 
reasons. 

It is doubtful whether a thyroid gland with all 
lobes involved in a malignant growth can ever be 
removed while the tumor is still so completely con- 
fined to the gland that a recurrence can be prevented. 
If the tumor is confined to one lobe this is possible. 
In these cases it is doubtful whether it will be proper 
to remove the entire thyroid gland only preserving 
the parathyroids (jr whether one lobe or only the 
upper portion of one lateral lobe should be left in 
order to prevent myxcedema. 

When we come to discuss the operative technic it 
will be shown that the remarkable arran<renient of 
the blood vessels of the thyroid gland is to be taken 
into consideration in this as in all other operations 
upon this organ. Every portion of each lobe seems 
to be connected vascularly with every portion of 
the other lobes, hence, it seems douljtful whether 
any portion may be left safely when any other pi irt ii m 
is involved in :i malignant j^rowth. 
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In removing the entire gland, however, we are 
certain to cause myxoedema luiless accessory glands 
are present or unless this condition is prevented by 
transplanting normal thyroid gland into the body 
or by constantly feeding thyroid glands or thyroid 
extract. 

All of these facts indicate that the results to be 
expected are not satisfactory. On the other hand, 
malignant growths of the thyroid gland may pro- 
gress with great rapidity and destroy the life of 
the patient in a few months or they may cause lit- 
tle distress for a number of years. I have person- 
ally encountered both forms. I would consequently 
say that in case it seems possible to make a radical 
operation when the patient consults the physician, 
an operation should be performed at once. If it is 
not possible to do this, then the operation should 
be performed only if it becomes necessary in order 
to give relief from pain or asphyxia. 

The technic of the operation to be performed 
will be discussed in another chapter. 

According to Salzer the transplantation of the 
thyroid glands is so likely to be successful into 
patients who have been entirely deprived of their 
thyroid glands that it seems reasonable to suggest 
the removal of the entire gland and the simultaneous 
transplantation of one lobe from another patient. 
The transplantation is simple and accompanied with 
so little shock that it can easily be accomplished 
at the same time at which the complete thyroidec- 
tomy is performed for the removal of the malignant 
growth. 
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THYROIDECTOMY. 



In describing the technic of this operation only 
those methods will be chosen which I have found 
reliable. In none of them is there any important 
feature which is original with me. Every part of 
every operation to be described has been practiced 
by other surgeons and has in most instances been 
described in books 'or articles in scientific journals. 
Most of the important features were developed and 
'practiced by Kocher although many of them have 
been modified in minor details by others. I make 
this statement at this point in order not to give the 
impression that because T may be unduly emphatic 
or enthusiastic in the dist'ussion uf certain features 
that, therefore, these may l)e my oriirinal methods. 
None of them are my methods except by adoption 
but all have been thorouj;hly tested by me in many 
cases. Those who have faith in my surgical judgment 
in selecting, adapting and accepting the methods of 
others may follow these methods with confidence. 

Incision. It is important to bear in mind the fact 
that in operations upon the thyroid gland the in- 
cision must be so planned that it will result not only 
in a proper exposure of the tissues to be manipulated 
during the operation but also to result in little or no 
deformity after healing has taken place. It is very 
important to secure free access to the tissues to be 
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manipulated durii^ the operation because as will 
be seen later there are various important structures 
which must be protected during the operation. 

Moreover, it is important not to traumatize the 
tissues of the thyroid gland itself for fear of producing 
hyperthjToidism. It is also important to have a clear 
view of the field of operation in order to reduce the 
loss of blood to a minimum because aside from 
the loss of blood itself there seems to be a cer- 
tain amount of harm done to the patient if 
the wound surfaces are severely saturated with 
blood during the operation, because according 
to Kocher there is a certain amount of specific 
toxicity in the blood in these cases. The total 
amount of traumatism to the tissues is greatly 
reduced if an ample incision gives free access to all 
tissues to be manipulated. This is even of greater 
importance if the operation is performed under local 
than under general anssthesia, because the skin is 
most easily rendered painless, hence a large incision 
causes no more immediate pain than a small incision, 
while the pain of the remaining steps of the opera- 
tion is proportionate with the amount of trauma 
and that is less with an ample than with a small 
incision. 

As all of the muscles of the neck are arranged in 
pairs, it is plain that every incision which is not 
symmetrical as regards the muscles of the neck must 
result in a considerable amount of deformity because 
in these cases aside from the almost imperceptible 
deformity which is due to the line of incision itself 
all of the deformity resulting from thyroid operations 
is due to differences in the muscles on both sides of 
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the neck which can, of course, be avoided if the 
muscles on both sides are always treated exactly 
alike. This, however, is possible if the inverted 
horseshoe incision, Plate 2, is employed, which was 
introduced by Kocher and called by him "the collar 
incision." 

This incision b^ins at a point a little above the 
level of the most prominent portion of the larynx 
and the anterior border of the stemo-cleido mastoid 
muscle, it extends downward and makes a regular 
curve across the lower border of the thyroid gland 
two to three c. m. above the upper margin of the 
stemimi. It then ascends to a corresponding point 
on the opposite side of the neck makii^ a perfectly 
uniform symmetrical line. This incision may be 
varied in ler^h and in the distance of separation of 
the vertical incisions according to the necessities of 
the case, but aside from these variations no other 
incision is required for the removal of any portion of 
the thyroid gland. Many other incisions have been 
described all of them taking the anterior edge of the 
stemo-cleido mastoid muscles as a guide, but I am 
thoroughly convinced that except for the opening 
of abscesses none of these incisions will be so satis- 
factory as the one just described, because none of 
them give so perfect an approach to the field of op- 
eration and each one leaves a greater amount of 
deformity. It is plain, of course, that in many cases 
it will not be necessary to make the incision nearly 
so long as shown in Plate 2. If the tumor is con- 
fined to the middle lobe it may be necessary to 
make an incision which would cover no more than 
the middle one-third of this incision. Hut even 
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in this case the curve should be quite as sym- 
metrical and the tissues underneath should be 
treated precisely the same on both sides of the center 
of the incision. Some of the most troublesome little 
tumors are located precisely at this point or at the 
very lowest portion of one of the lateral lobes, and in 
these cases it is well not to permit any asymmetry in the 
skin incision because an avoidable postoperative 
deformity is equally annoying to the surgeon and 
to the patient. 

The incision is carried through the skin, superficial 
fascia and platysma myoides muscle and aU of these 
tissues are reflected upwards together as shown in 
Plate 3, leaving the entire field of operation thor- 
oughly exposed. In case the operation is performed 
under local anssthesia the tissues at the upper ai^le 
of the wound should be thoroughly infiltrated with 
the anesthetizing solution by passing a blunt needle 
attached to a hypodermic syringe filled with this 
solution along the anterior and posterior surfaces of 
the stemo-cleido-mastoid muscles on both sides and 
also into the deep tissues along the lateral wings of 
the thyroid cartilage. As the blunt needle enters 
these various spaces the anaesthetizing fluid is slowly 
injected and again as the needle is withdrawn, the 
quantity injected being in inverse proportion to the 
strength of the solution employed. This may be 
done before the primary incision is made by first 
cocainizing the skin, then making small punctures 
with a sharp scalpel opposite the upper extremities 
of the proposed incision and then passing the blunt 
needle through these openings. It is well to wait 
five minutes before commencing the operation. 
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Havii^ exposed our field of operation we will con- 
sider the anatomical structures to be dealt with and 
to be protected durii^ the operation. These we have 
illustrated from dissections on the cadaver adjusted 
to the various steps of the operation. In our illustra- 
tions it has been necessary to exaggerate the con- 
dition somewhat in order to secure clearness, but all 
of these exaggerations were made in keeping with 
the actual tissues of the neck. For instance, when 
the stemo thyroid muscles are exposed in the opera- 
tion they are covered with fascia, but if this were left 
in place our illustrations would not be more effective 
than are photographs made during this stage of the 
operation while if represented as showing the ex- 
posed muscle fibres the reader obtains a much clearer 
idea of the conditions. 

Anatomical Consideration. The following tissues 
must be borne in mind throughout the operation 
in order to accomplish the work with the greatest 
possible facility in the shortest time with the least 
trauma, and without injury to any important struc- 
tures and with the prospect of the best possible 
cosmetic results. 

The gland itself is normally quite small weighing 
only from 30 to GO gms. It is somewhat smaller in 
women than in men and larger relatively in infancy 
than in adult life. 

The diseased gland may be but slightly larger 
than the normal gland, sometimes not exceeding 
100 g. while it may be many times this size. The 
largest gland I have personally removed weighed 
3,5S4 g. after the blood had been drained out of it. 
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This would make the gland about one hundred times 
the normal weight. 

In considering the location of the gland itself in 
relation to the surrounding structures we must con- 
sequently bear in mind not only the normal position 
and the normal relations, but also conditions which 
are the results of the change in form of the gland due 
to irresiilarities caused by the pathological condition 
present. In many instances abnormal adhesions are 
found caused by the previous treatment with in- 
jections into the gland and the surrounding tissues 
or to adhesions caused by the presence of infection 
at some previous time. Plate 3 represents a dissec- 
tion which was made through an exposure such as 
one obtains by making the collar incision shown in 
Plate2. Ithas seemed better to represent this through 
the same incision that we use in making a thyroid- 
ectomy than through the ordinary incision employed 
in the dissecting room, because in this way we have 
obtained not only the normal relation of the various 
structures but also the relation of these structures 
to the wound as it appears in the actual opera- 
tion. There is the difference of having freed the 
muscles of their fascia and having carefully exposed 
all of the other structures, which is neither necessary 
nor desirable in the actual operation, but which seems 
necessary in order to impress sufficiently the relative 
positions of the various structures which must be con- 
stantly borne in mind during the progress of the 
operation. What has been said regarding the method 
of producing Plate 3 applies also to Plates 4 and 5. 

On the right hand side we have the tissues as they 
appear after the flap has been dissected up together 
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with the platysma myoides muscle. Of these muscles 
the sterno-cleido-mastoid muscle will be borne in 
mind prominently throughout the operation because . 
it serves as a guide to almost every important step 
taken as will be seen later on in the discussion of the 
technic. The other three muscles are treated as one 
structure technically throughout the various opera- 
tions. When displaced by retractors these muscles 
are always manipulated as one object. Wlien severed 
for the purpose of exposing structures they are again 
treated as one structure and not being freed oi the 
fascia covering these tissues the operator never 
distinguishes them as separate muscles. On the left 
side they have been removed entirely in order to 
expose the underlying structures so that they could 
be drawn distinctly and accurately. In the operation 
itself the attachment of these muscles with the un- 
derlying structures is only disturbed so far as the 
portion of the gland is concerned whicli is to be re- 
moved, all of the other attachments remain intact. 
So long as the surgeon knows precisely where these 
important structures are located it is quite unneces- 
sary to expose them by dissection in order to protect 
them against injury, but it is of the greatest import- 
ance primarily to know where these various struc- 
tures are located and secondarily to carry out the 
steps which are necessary to prevent injury which 
will be fully described later. 

The thyroid gland itself can always be recognized 
readily by its lobulated surfaces. It is an exceed- 
ingly vascular body. In the living body it has a 
characteristic purple color which readily distin- 
guishes it from all surrounding structures. The 
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branches of the superior thyroid artery and vein 
cover the upper portion of the gland and over the 
surface of the lower portion a network of veins com- 
municating with both the inferior and the superior 
thyroid veins can always be distii^uished. These 
veins are especially prominent in cases of exophthal- 
mic goitre but they can always be seen even when 
there is little or no enlargement of the gland. In 
order to make the drawing more distinct only the 
superior thyroid artery is shown in this drawing, 
the internal jugular vein and its branches having 
been dissected away in order to show the important 
deep structures. The superior thyroid artery can 
always be distinguished during the operation although 
its origin from the external carotid artery is but 
rarely exposed during the operation and the internal 
carotid artery which is also shown in Plate 3 should 
not be exposed together with the internal jugular 
vein when the sui^eon lifts one of the lobes of the 
gland out of its bed. The v^us nerve is exposed 
occasionally during the operation especially when 
there are enlargements from the lateral surface of 
the lateral lobe. Very rarely the phrenic nerve is 
exposed under similar conditions. At the lower end 
of this drawii^ on the left side a thin white line 
represents the recurrent laryngeal nerve. As will be 
seen later it is not necessary to expose this nerve 
during the operation, but in this instance it was 
exposed for a short distance because of the general 
dissection which was employed to expose the other 
structures which have just been described. 

In Plate 4 the internal ji^ular vein has been left 
in place and the lobe of the thyroid gland has been 
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entirely removed not as it would be removed during 
an operation but for the purpose of showing the 
blood supply of the gland which must be considered 
during every operation upon this gland as the, most 
important factor. On the right hand side, the draw- 
ing represents the same structures as Plate 3 with the 
addition of the external jugular vein which may, 
however, be disregarded technically during the opera- 
tion. Usually it is possible to make the incision in- 
ternally to this vdn but when it is not possiUe to 
do this, the latter is simply caught between two 
pairs of forceps and ligated. Tlie superior thyroid 
von is usually located somewhat closer to the 
superior thyroid artery than shown in this illustra- 
tion so tliat very commonly it is possible to ligate 
the artery and the vein with the same l^ature when 
making thyroidectomy. In this dissection the mus- 
cles represented on the right side have all been re- 
moved on the left side with the exception of the 
stemo-cleido-mastoid which has been reflected. 

In Plate 5 we have represented the structures in a 
somewhat more diagramatic form in order to give 
a more general impression of the tissues to be borne 
in mind. On the left side aU of the muscles shown in 
Plates 3 and 4, on the right side are in place together 
with the external jugular vein, while on the right side 
all of the muscles have been reflected so as to ex- 
pose virtually all of the tissues which are to be con- 
sidered in the subsequent technic. Most of these 
structures have already been mentioned in connec- 
tion with Plates 3 and 4 but it seems worth while to 
consider them all together in their mutual relations 
to the external wound. In practice one is but rarely 



yGoot^le 



THYROIDECTOMY 135 

called upon to operate in cases in which the relative 
size of the thyroid gland and the other structures 
is as it is shown in this figure, which is approximately 
as it exists in the normal conditions, but this will 
show how the different structures appear normally 
and then one can judge the changes from the amount 
of deformity encountered in each individual case. 
The enlarged portion of the gland usually simply 
displaces the various structures by lateral pressure 
but occasionally these structures are overlapped by 
some projection from the gland. There is, of course, 
an infinite variety of these displacements so that it 
would be useless to describe the individual forms 
which have been or may be encountered. These 
drawings may be recommended for careful study, 
and may be verified in the cadaver with profit be- 
fore attempting the operation. As the condition is 
very similar in the cat and in the dog it is wise to 
operate upon these animals before attempting to 
perform the operation upon the human patient. 

When one has once become practically familiar 
with the anatomical structures just described, the 
technic which follows will acquire a much less com- 
plicated aspect from that which one would obtain 
without this familiarity. Although it is true that 
most of the danger to the patient comes from the 
fact that operations upon the thyroid gland are per- 
formed upon patients who would not be good sub- 
jects for any operation, still the local conditions are 
such that the danger from the operation will be 
greatly increased unless the surgeon is perfectly 
familiar with the structures described in Plates 4 and 
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5, which will be referred to throughout the discus- 
sion of the various steps of surgical technic. 

Plate 6 represents the flap of the skin together with 
the platysma myoides reflected upwards. A number 
of veins which are located immediately underneath 
the skin are so small in the normal conditions that 
they will not require any attention in operations upon 
the neck but are so large in patients sufferii^ from 
goitre that they bleed very freely. These should be 
grasped at once with haemostatic forceps which may 
be left in place as they do not interfere with the 
subsequent steps of the operation. Occasionally 
there is some bleedir^ from the under surface of the 
flap which should be controlled by hasmostatic for- 
ceps and ligatured at once. The edges of the stemo- 
cleido-mastoid muscles can be seen on either side, 
and over the surface underneath the fascia there are 
usually several large veins as indicated by the shaded 
hnes in this figure. These may extend longitudinally 
over the surface of the gland parallel to each other 
or they may form a network. They are usually 
branches of the anterior jugular vein. It is also pos- 
sible to see the sternohyoid and the sternothyroid and 
occasionally a portion of the edge of the omohyoid 
muscles throi^h the fascia as shown in this figure. 

The anterior horseshoe shaped flap is held out of 
the way throughout the operation by means of the 
retractor. It is well to fasten the towels to the skin 
by means of a safety pin as shown in this figure in 
order to prevent them from slipping up and down 
over the edge of the wound durir^ the operation. 

Plate 7 represents the same conditions as Plate 6 
with the addition of illustrating an important step 
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in the operation. In order to keep the wound con- 
stantly free from blood Kocher has introduced a 
grooved director represented at (b) with its point in- 
serted underneath the anterior jugular vein. In order 
to expose the vein the fascia overlyii^ it is split 
longitudinally and then it is lifted up by means of 
the blunt pointed end of the Kocher director. Two 
hEemostatic forceps, preferably of the type intro- 
duced by Kocher and shown at (a) are applied to 
the vessel as indicated in this figure and then it is 
severed over the middle of the director. It is well 
to ligate both ends of the vessels at once in order to 
keep the surface free from instruments for the con- 
venience of the subsequent steps of the operation. 
This leaves the sternohyoid, the sternothyroid, the 
omohyoid and the edge of the sterno-cleido muscles 
exposed. All hasmorrhage has been controlled either 
by the application of hemostatic forceps which are 
still in place or by clamping and ligating. In most 
cases it will be necessary to apply two pair of forceps 
to the muscles covering the anterior surface of the 
gland as shown at (b) and (b') Plate 8. These forceps 
should again be of the type shown in this illustration 
which were introduced by Kocher. They should be 
placed about 2 c. m. apart and parallel with each 
other and closed just tightly enough to stop all 
haemorrhage but not sufficiently tightly to crush the 
muscle. It is usually best to ligate the veins caught 
in forceps (a) and (a*) before the present step of the 
operation is taken because slight traction upon these 
forceps sometimes causes a tear in the thin walls of 
these veins which gives rise to quite a severe haemorr- 
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hage, and which may seriously obscure the subse- 
quent steps of the operation. 

The muscle is then cut transversely and the handles 
of the forceps are turned back as indicated at (b) 
and (b") which results in the perfect exposure of 
the entire anterior surface of one lobe of the thyroid 
gland as shown in Plate 9. The same step will usually 
have to be repeated on the opposite side, although it 
is sometimes possible to obtain a sufficiently free 
exposure by simply retracting the muscles on the 
opposite side. Forceps (c) and (c*^ are now applied 
precisely as (b) and (b*^ were in Plate 8, so as not to 
interfere with the nerve supply of the muscles, and 
the muscles are severed transversely half way be- 
tween these two forceps. When these are turned 
back to correspond with (b) and (b") which are at- 
tached to the corresponding muscles on the opposite 
side the anterior surface of the entire thyroid gland 
is perfectly exposed as shown in Plate 10. 

There are several advantages in turning both ot" 
these muscles back. It facilitates the operation be- 
cause with so free an exposure the remaining steps 
of the operation can be accomplished so mucli more 
rapidly that in many cases it is really worth while. 
It requires only a moment to re-unite the muscles. 
Moreover, there is an advantage in treating both sides 
alike because of the resulting symmetry wlien the 
operation is completed. Again the amount of tramna- 
tism to the tissues will be reduced by havin'j; free 
access to the gland. In case the smaller lobe contains 
nodules of diseased tissues these will be discovered 
and can readily be removed. In many instances a 
more thorough operation will be performed if both 
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lobes are exposed because of the ease with which it is 
possible, under these conditions, to ligate the in- 
ferior thyroid artery and vein on the side on which 
the lobe is smaller. It may be well to advise this ad- 
ditional step to those who have not yet obtained a 
great amount of experience in this field of operation. 
With increased experience one acquires the ability 
to work with less perfect exposure. 

Plate 10 shows a perfect exposure of both lobes of 
the thyroid gland with the right lobe somewhat en- 
larged. The form of retractor shown in Plates 2, 3 
and 4 is very convenient for exposing the field of 
operation. Forceps (b), (b') and (c) and (c') serve 
the double purpose of preventing luemorrhage from 
the cut ends of the muscles overlying the gland and 
that of very convenient retractors. Two precautions 
must be borne in mind. These forceps must not be * 
closed too firmly but just sufficiently to prevent 
haemorrhage in order not to injure the structure of the 
muscles, and assistants must not pull too heavily 
upon them durii^ the operation. A portion of the 
muscle at least half a c. m. in width must be left 
projectile beyond the forceps in order to preserve 
perfectly smooth cut surfaces for suturing when 
the operation upon the gland itself has been com- 
pleted. 

The branches of the two superior thyroid arteries 
communicate very freely with each other which 
can be demonstrated easily on injected specimens 
but even in the living body it is apparent from the 
arrangement of these branches that this must be 
the case. At the upper end a narrow band extends 
upwards in front of the larynx, and is attached to the 
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upper edge of the thyroid gland. This structure is 
usually present and represents the remnant of the 
duct which communicates between the gland and 
the oesophagus during foetal life. Occasionally the 
duct persists but this is very rare. Usually it is 
simply a small band of connective tissue which may 
be clamped between two pair of hemostatic forceps, 
cut and ligated. 

In many cases it is possible to retract the sterno- 
thyroid, stemo-hyoid and omo-hyoid muscles as 
shown in Plate 11 , without clamping and cutting them. 
This may be done on both sides of the median line 
either simultaneously or successively. Some opera- 
tors with great skill and much experience make this 
their typical operation and choose the method shown 
in Plates 8, 9 and 10, only in cases in which for any 
other reason it does not seem possible to complete 
the operation without taking this additional step. 
It is often especially difficult to dislocate the enlarged 
lobe forward if tliese muscles are left intact. One 
also may experience difficulty in controlling the 
bleeding from the small veins which may be torn in 
bringing forward the lobe. The ligation of the in- 
ferior thyroid vessels un the opposite side from the 
one on which the lobe has been rcmove<l is also very 
much more difficult if these muscles are left intact. 
There is a marked difference in the strcn^tii and 
elasticity of ■these muscles in different patients and 
conse(]Ucntly it is well to treat each case according 
to the conditions found after making a longitudinal 
separation of the muscles of both sides. Tliis is 
usually best accomplished by means of dissert ini; 
forceps and scalpel. Separating the posterior surlace 
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of the muscle from its attachment to the thyroid 
gland is best accomplished by passing the index 
finger between the anterior surface of the gland and 
the posterior surface of the muscles on either side. 

In doing this it is best to apply the greater amount 
of pressure anteriorly against the posterior surface 
of the muscles in order not to trauntatize the sub- 
stance of the thyroid gland. This step of the opera- 
tion is only rarely accompanied with haamorrhage 
which can be controlled at once with haemostatic 
forceps. The anterior surface of the gland is always 
covered with a perfect network of large thin-walled 
veins which should not be injured because they 
bleed very freely and cover the field with so much 
blood that the remaining steps of the operation will 
be greatly retarded. 

Plate 12 shows the same exposure as Plate 10. The 
hemorrhage has been completely controlled by the 
application of hemostatic forceps to all of the smaller 
bleeding points and by applying two haemostatic 
forceps to each one of the larger vessels before cutting 
them and then Hgating them at once. With the gland 
fuUy exposed the actual steps for the removal of the 
gland may be commenced. A Kocher director is 
passed underneath the superior thyroid artery and 
vein either separately as shown at Plate 12, or the 
two vessels may be taken together. After the end of 
the director has been passed through underneath 
one or both of these vessels two pair of haemostatic 
forceps (e) and (e') are clamped upon this vessel and 
then the latter is severed over the director between 
these forceps. The cut ends of these vessels are then 
turned up as shown at (e'O and (e" ') and ligated at 
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once. Usually the superior thyroid vessels can be 
treated in this manner between their origin from the 
external carotid artery and their distribution to the 
gland but occasionally these vessels divide into 
various branches early and then it will become neces- 
sary to ligate two or more branches separately. 

Only in rarfe cases do we find it necessary to ligate 
the superior thyroid vessels on both sides in the same 
patient. It is much more common to ligate one super- 
ior and both inferior thyroid vessels in the same case. 
In case it seems advisable to ligate the superior 
thyroid vessels on both sides it seems best to follow 
the method of Jacobson to be described fully later. 

After the superior thyroid vessels have been 
clamped, cut and ligated on one side it is possible 
to dislocate the enlarged lobe of the thyroid gland 
forward, a method first introduced by Kocher and 
called "luxation of the thyroid gland." 

The steps that have just been described and which 
have been illustrated in Plate 1 2, may be accomplisbcil 
without cutting the muscles covering the anterior 
surface of the thyroid gland. This is shown in Plate 
13. There is, however, much less space and if the 
operation is under local anesthesia the patient 
suffers greatly frona the necessary pulling upon tiie 
retractors (3) and (3') and (2) and (2') as shown in 
Plate 13. Unless the enlargement is confined to the 
middle lobe or is only moderately large in one of 
the lateral lobes it seems better when operating under 
local ana;sthesia to secure the exposure of the gland 
indicated in Plate 12. 

In Plate 14 the step which should have Iwen ccmu- 
pleted in Plates 12 and l.'i of severing the superior 
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thyroid vessels is represented as being under way. 
The Kocher director (f) is represented as elevating 
the superior thyroid vein and the haemostatic forceps 
(e) and (e') have been clamped upon this vessel on 
either side of the director. The right lobe of the gland 
has been dislocated forward so that it now rests 
upon the haemostatic forceps and retractors which 
■ appear in the previous figures on the surface. 

It is possible in many cases to carry out this step 
of the operation before severing the superior thyroid 
vessels, but there is no advantage in doing this while 
there are several distinct advantages in first ligating 
and severing the superior thyroid vessels and then 
dislocating the gland forward. In this way the ten- 
sion is removed from these vessels and the vein 
especially is protected against injury by traction. 
The manipulations may press some thyroid secretion 
into the circulation. The anterior jugular vein has also 
been severed early during the operation and this will 
be of advantage to the patient in the same direction. 
Occasionally there is some haemorrhage from the 
small vessels which are torn when the gland is luxated, 
and if the superior thyroid vessels have already 
been disposed of it is much easier to control this 
bleeding either by pressure or by clamping with 
forceps than if they have not, because much space is 
gained in this manner. The luxation can usually be 
accomplished readily by passing the index finger be- 
tween the gland and the connective tissue capsule 
and passing it from above downward at the same 
time lifting the gland forward. 

In freeing the gland from the surrounding tissues 
it is again important to direct the pressure of the 



yGoot^le 



144 THYROID GLAND 

filler away from the gland instead of pressir^ to- 
ward the gland in order not to traumatize the gland 
for fear of pressii^ thyroid secretion into the circu- 
lation thus causing post -operative hyper-thyroidism. 
Many surgeons prefer not to luxate the gland in 
this manner, but to dissect the entire gland free from 
its attachment by sharp dissection with scalpel and 
dissecting forceps, laying bare all of the tissues, 
notably the inferior thyroid vessels and the recurrent 
laryngeal nerve. Landstrom goes no further than 
this with his concise dissection and prevents injury 
to the parathyroid glands by leavii^ the posterior 
capstde and a thin portion of thyroid gland tissue in 
place while a few authors go so far as to demand that 
the dissection must locate not only these structures 
but also the inferior parathyroid gland on the side 
from which the lobe is to be removed. It seems quite 
plain that it is quite unnecessary to expose the 
patient to the prolonged operation which is, however, 
of much greater harm if the patient is kept under 
general anaesthesia during this period of time than 
if local anaesthesia is employed. All of the steps 
which have just been described can be carried out in 
some patients through a field of operation as indi- 
cated in Plate 15 in which the muscles have been re- 
traced but not severed. The luxation of the gland 
is especially difficult in cases in which there has ex- 
isted an inflammation of the gland or a parathyroid- 
itis or those in which the gland has been punctured 
by hypodermic needles for the injection of various 
substances. Cases that have been treated with x-ray 
or with electricity seem to be especially vascul;iT ami 
it is often difficult to stop the hasmorrhage after 
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luxating the gland. There may simply be diffuse 
general oozii^ without any hasmorrhage from vessels 
of considerable size. Usually tamponing with gauze 
into the cavity out of which the gland has been lifted 
will suffice to stop this bleedii^. It is well to apply 
this gauze tampon immediately upon lifting forward 
the gland and to leave it in place during the time 
required for completing the remaining steps of the 
operation. Occasionally it may become necessary 
to pass a few catgut sutures over some of the oozir^ 
surfaces. In this case it is important to bear in mind 
the proximity of the anatomical structures shown 
in Plates 3, 4 and 5. It is possible to injure the in- 
ternal jugular vein during these manipulations es- 
pecially in cases in which there are strong adhesions 
due to parathyroid infection some time previous 
to operation. 

In order to make these dangers more apparent we 
have represented in Plates 16 and 17 the carotid 
artery, the jugular vein and the pneumogastric 
nerves as they would appear were a clear dissection 
made. In the operation upon the living patient, these 
structures never appear so clearly as here represented 
although they can be readily distinguished, the artery 
especially by its pulsation and the vein by its increase 
and decrease insize during inspiration and expiration. 

Under the actual conditions a gauze tampon is 
packed between these vessels and the gland which 
has been lifted forward and pushed over to the op- 
posite side but as this would cover up the portion 
it is desirable to show, it has been left out of the 
drawing. Upon liftii^ up the lobe of the gland and 
pushing it over to the opposite side it is possible to 
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locate the inferior thyroid vessels as shown in Plate 
10. A Kocher director is placed under one or both 
of these vessels, as in Plate 1 6, and hEemostatic forceps 
are applied to their side as shown at (m) and (m'). 
Usually the inferior thyroid artery and vein are 
farther apart than shown in Plate 16, and must be 
li^ated separately, and most commonly bifurcation 
takes place at a point to the outside of the portion 
grasped by the hemostatic forceps so that several 
forceps are required and several ligatures have to be 
employed. 

Plate 17 shows the same steps of the operation il- 
lustrated in Plate 16 without section of muscles. It 
is often very difficult to expose the inferior thyroid 
vessels under these conditions because all of these 
muscles have their lower attachment to the sternum 
and their upper attachments are very much farther 
apart than the lower ones, consequently one en- 
counters most difficulty during manipulations which 
must be made in the lower portion of the field of 
operation. 

In comparing the relation of the inferior thyroid 
vessels in Plate 1 7 with those represented in Plate 5, 
it becomes apparent that the point of the forceps 
marked (m) is dai^erously near the point where the 
recurrent larytigeal nerve crosses the inferior thyroid 
artery. As mentioned before in the discussion of 
Plates 3 and 5 it was pointed out that the recurrent 
laryngeal nerve is a very fine thread-like structure 
which can easily be located in a dissection whose 
object it is to expose this nerve either in the living 
body or in the cadaver, and many surgeons insist 
upon making this demonstration in every case dur- 
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ing the operation and before ligating the inferior 
thyroid artery or its branches in order that no harm 
may come to the recurrent laryngeal nerve durii^ 
the operation. It is most important for every sur- 
geon who performs thyroidectomy to expose this 
nerve repeatedly either in the cadaver or in the 
living body in order to be quite positive as to its 
location, but once having become familiar thus, it 
seems far better to plan the operation so that this 
tedious dissection may be avoided, provided the 
operation can be performed with the same safety to 
the patients. Fortunately this nerve is so located 
that it can always be avoided if the entire lower half 
of the posterior capsule of the thyroid gland is left 
undisturbed in its attachment to the anterior sur- 
face of the trachea. The same plan accomplishes 
the protection of the lower parathyroid gland which 
is still more intimately attached to the posterior 
surface of the thyroid gland than is the case with the 
recurrent laryngeal nerve. 

In Plate 18 this step oftheoperation has been illus- 
trated. The letter (r) represents the posterior capsule 
together with a layer of the posterior portion of the 
thyroid gland which has also been left in place be- 
cause the parathyroid gland some times is situated 
between some of the posterior lobules of the thyroid 
gland and by leaving this layer one is perfectly 
certain to leave the parathyroids undisturbed. 

The forceps (g) and (g') are attached to the in- 
ferior thyroid vein which enters the thyroid gland 
from its posterior surface, the gland being inverted 
by being folded forward over the opposite lobe, its 
attachment to the isthmus forming the hinge upon 
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which the lobe is swung. The exposed portion of the 
inferior thyroid artery and vein is somewhat loiter 
than is usually encountered, but it was difficult to 
represent it more nearly in its exact form. Frequently 
one encounters an artery of considerable size enter- 
ing the gland at a point a Httle below the point in 
the posterior capsule marked (r). This is the middle 
thyroid artery which is usually not recognized until 
it has been severed. It must then be caught with 
hemostatic forceps and ligated. It is well to apply 
these forceps very carefully because by grasping too 
much tissue in the bite of the forceps it is possible to 
include the recurrent laryngeal nerve causing a pa- 
ralysis of the vocal cord. The bleeding from the cut 
surface of the gland usually is very slight. By pick- 
ing up a few small vessels and then making light 
pressure with a gauze pad the bleeding ceases within 
a few minutes while the remaining steps of the op- 
eration are carried out. The dark space between the 
retractors (3) and (4) and the edge of the capsule 
(r) contains the carotid artery the internal jugular 
vein and the pneumogastric nerve, but these cannot 
be recognized separately exceptupon close inspection. 

PLite 19 represents the conditions that have just 
been described in connection with Plate IS with tlie 
exception that the muscles have been retracted in- 
stead of being severed. 

In Plate 20 tlie inferior thyroid veinhasbeen severed 
and the inferior thyroid artery has been grasped 
between two haemostats (li) and (h") and is ready 
to be severed. The distance lietwccii these two 
vessels, the former being held by forceps (li) 
and (h') is more nearly as it is usually found 
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than that shown in Plates 18 and 19. In the 
other details this illustration will not require 
any further discussion, while Plate 20 is a simple 
repetition with the muscles retracted instead of 
severed. The inferior thyroid artery is then severed 
between the forceps (h) and (h"^ and ligatures are 
applied to all of the vessels held by forceps (h) (h*) and 
(g) (g'O . In this manner all of the vessels supplying the 
■ enlarged lobe of the thyroid gland have been dis- 
posed of with the least possible amount of trauma 
to the gland and with almost no loss of blood. The 
important structures behind the gland, the recurrent 
laryngeal nerve and the parathyroid gland have re- 
mained entirely undisturbed and the operation can 
be completed by simply removing this lobe at its 
junction with the isthmus. The point of section 
depends upon whether only one lobe is to be re- 
moved or whether a portion or the entire isthmus 
is to be removed or whether it seems advisable to 
add to this the removal of a portion of the other 
lateral lobe. 

If the section is to be made through any portion of 
the isthmus a pair of forceps (k) Plate 22, is applied 
and the portion beyond these forceps is removed by 
cutting away this part and either ligating the re- 
maining stump with catgut or suturing over this 
surface with a few fine catgut stitches. In exophthal- 
mic goitre it is usually well to lift up the lower end 
of the gland by forceps (k) and then leaving the 
lower end of the posterior capsule together with a 
thin layer of gland tissue on the other side and 
ligating the inferior thyroid vessels or some of their 
branches as this was done on the other side as illus- 
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trated in-Plate 21. In this maimer only one upper 
thyroid vein and cam upper thyroid artery possibly 
in connection with one middle thyroid artery re- 
mains. 

In making a dissection of the isthmus it is im- 
portant to exercise care not to injure the trachea 
which is eiEposed at this point. In one instance I had 
the misfortune of making a small incision into the 
trachea at this point of the operation. The opening 
was immediately closed with three fine catgut sutures 
and a small drain of gauze was placed against this 
surface. The patient recovered without any tmfavor- 
able symptoms but it is plai^ that the blunder should 
not occur. In advanced cases or in patients who 
have very hard nodules pressing upon the trachea 
one or more of the cartilages may have become 
scrftened as a result of pressure and when the isthmus 
is removed there is no support for the mucous lining 
of the trachea and the latter is drawn into the l^lmen 
of this tube by each act of inspiration givii^ rise to a 
valve-like obstruction. The patient will immediately 
become asphyxiated. If a general anassthetic has 
been employed this may be blamed for the condition 
of asphyxia uptil it is too late. For this reason it is 
well to bear the possibility of this accident constantly 
in mind. The difficulty can be discovered at once 
upon inspecting the surface of the trachea because 
of the depression upon inspiration. 

The remedy consists in the introduction of an 
intubation tube sufficiently long to reach to a point 
below the softened tracheal cartilage. For this 
reason a set of intubation tubes and a reliable gag 
should always be kept in readiness during goitre 
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The left lobe of the gland remains in its normal 
condition and position. The superior thyroid artery 
and vein are represented as entering the upper end 
of this lobe, the muscles having been held back by 
the retractors (3) and (3*). In case it is desired to 
reduce the amount of blood supply for the remaining 
lobe this can readily be accomplished by ligating the 
superior thyroid vessels at this point. 

In Plate 25, precisely the same conditions exist 
with the exception that the muscles covering the an- 
terior surface of the thyroid gland have simply been 
drawn out of the way by sharp retractors (2) and 
(2") below and (3) and (3'^ above. Here also the super- 
ior and inferior thyroid vessels and the carotid artery 
and deep jugular vein are represented with the fascia 
entirely removed which is quite unnecessary. The 
capsule (r) which has been dissected off the posterior 
surface of the lobe which has been removed appears 
thicker and more substantial than in the actual 
operation, except in its lower half where quite a 
layer of tli>Toid tissue is left for the protection of 
the underlying structures. 

If the operation has been performed with sufficient 
care, the surface is usually quite free from blood. 
If any small surface remains from which there is 
general oozing, this can be controlled by the intro- 
duction of a few fine catgut stitches tied just tightly 
enough to stop the oozing but not with sufficient 
force to cau.se pressure necrosis. It is, of course, im- 
portant not to injure the parathyroid glands or tlie 
recurrent laryngeal nerve in introducing these su- 
tures bxit both can very readily be avnidcd with 
proper care. 
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In order to prevent absorption of blood or thyroid 
secretion from the wound surfaces some provision 
must be made for drainage. It is best to drain 
through a separate opening as shown in Plate 26, in 
order that the line of suture may not be irritated 
by the introduction of drainage along any portion of 
its course. The drainage may be accomplished by a 
simple glass drainage tube or by a rubber tube or by 
the use of gauze surrounded with rubber tissue, the 
cigarette drain, or a simple gauze drain may be 
employed. 

In our cases a combined drain composed of a 
layer of gauze loosely packed into the wound left 
after the removal of the lobe as shown at (s), Plate 
26, with the additional introduction of a glass drain 
have been most satisfactory. Both the tube and the 
gauze, the latter surroundii^ the former, should 
be brought out at (p) , Plate 28. It is best to place the 
gauze in such a manner that it can be withdrawn 
easily and without disturbing the tissues after first 
withdrawing the glass tube. The latter should be 
withdrawn on the second or third day after the 
operation, and the gauze a day or two later. It is 
important not to withdraw the gauze carelessly 
because this may give rise to quite troublesome 
haemorrhage which may clot underneath the skin 
flap and which may ultimately cause quite a delay 
in wound healing. 

Plate 27 represents all of the muscles on the an- 
terior surface of the neck again in position. It is 
best to unite these muscles with a fine continuous 
catgut suture. 
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Plate 28 represents the muscles on the left side of 
the patient's neck already united, those on the right 
side are still held apart in the grasp of forceps (b) and 
(b'). The gauze drain (s) is in place and both this 
and the glass drain are represented as issuing through 
a small incision (p) about two c. m. below the trans- 
verse portion of the horseshoe incision. Plate 29 rep- 
resents aU of the muscles sutured, the symmetry of 
the neck having been quite as thoroughly restored 
as in Plate 28. It is important to give attention to 
these steps represented in Plates 27, 28 and 29, be- 
cause this will prevent the very troublesome de- 
formities which one is sure to encounter if this pre- 
caution is not taken. 

The only step remaining in order to complete the 
operation is the closure of the principle incision as 
shown in PlateSO. If only the skin suture is employed 
there is usually a considerable amount of spreading 
of the scar because of the traction on part of the 
platysma myoidcs muscle. On the other liand if 
the wound is closed by the sub-cuticnlar suture 
alone, a rather unsightly thickening is likely to 
occur at the line of suture. In order to avoid both 
of these sources of annoyance it is advisable tn place 
about six interrupted sub-cuticular sutures of jine 
catgut along the line of incision at regular intervals 
uniting the platysma myoides and the sul)-cutancous 
connective tissue. This will remove all tension from 
the skin proper and will leave an almost invisible 
line of suture provided silk or horsehair is used and 
the edges arc carefully and evenly united and tlic 
.sutures drawn just sufficiently tight to securi.' aL'furate 
coaption but not to cause any pressure ntx-rusis. 
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These sutures can be cut on the fourth or fifth day 
which will prevent the occurrence of even the slightest 
suture marks. 

The operation which has just been described may 
be employed with equal satisfaction in the removal 
of portions of the thyroid gland for whatever con- 
dition may demand this procedure. The operation 
is, of course, more serious in proportion with the 
severity of the pathological condition present in the 
patient under consideration. Generally speaking, 
in patients suffering from exophthalmic goitre this 
condition makes the operation more serious than in 
simple goitre and it may be well at this point to 
insist upon the fact that although all of the steps 
of the operation are relatively simple, still the opera- 
tion itself must be looked upon as one of the serious 
major surgical procedures which should not be un- 
dertaken by inexperienced surgeons, because in 
many, possibly in most of these patients, there is 
but a relatively narrow margin even with much ex- 
perience and excellent skill and splendid surgical 
judgment. It seems proper to direct attention to this 
fact at this point because the low mortality of men 
with great skill and remarkable judgment might 
otherwise cause those not so well equipped to suffer 
severe disappointment and the loss of many patients. 

Ligation of Thyroid Vessels. Kocher has point- 
ed out the fact that in many cases the patient 
is too weak to bear the radical operation of thy- 
roidectomy in cases of exophthalmic goitre. In all 
of these cases an attempt must be made to build up 
the patient's strei^h by rest, diet and the use of 
appropriate remedies, but there are some cases 
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which seem to become worse constantly, notwith- 
standing this treatment. In some instances the 
patient's condition may be so bad that even the 
slightest operation would result fatally, but there is 
another class which will bear a very slight operation 
but cannot bear the shock of thyroidectomy. In 
this class of cases Kocher recommends the ligation 
of one or more vessels as a preliminary operation. 
This will reduce the production and absorption of 
thyroid poison to a sufficient extent that the patient's 
general condition may improve sufficiently to make 
it safe to perform a more serious operation after a 
few weeks of recuperation. 

Not enough experience has been accumulated 
to determine positively whether this plan should be 
generally adopted. Kocher seems confident that it 
is indicated in certain cases and his enormous ex- 
perience and wonderful surgical judgment must 
always carry more weight in this subject than that 
of any other surgeon with the single exception 
of Charles H. Mayo, consequently we must, for t!ie 
present, accept this view, although its correctness 
has been questioned by many surgeons, no less an 
authority than Landstrom among them. These sur- 
geons have pointed out the fact that the mortality 
after simple ligation has been greater than after ex- 
cision of one lobe, but as the former operation is cm- 
ployed only incases that are in an almost hopeless cr.n- 
dition while the latter operation is practiced in the less 
serious cases no comparison can, of course, be made 
because the two operations are perfonned on patients 
whose prognosis would be entirely different were 
they operated for any other condition. Those upon 
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whom the former operation is practiced would have 
but a very slight chance of recovery after almost any 
operation, while those subjected to the latter opera- 
tion would be almost certain to recover from any 
operation which would not in itself be dai^erous. 

Having accepted the theory that ligation in itself 
is a less severe procedure than removal of one lobe, 
we must choose between the various operations 
which have been recommended, namely: The liga- 
tion of as many arteries and veins as it seems safe 
to ligate in any given case as recommended by 
Kocher; the ligation of as many veins as seems safe, 
as recommended by Tuholske ; and the ligation of 
both upper poles of the thyroid gland including 
arteries, veins, and lymph channels by passing 
double ligatures around the entire upper pole on 
both sides, including the gland together with both 
superior arteries and veins and the capsule as recom- 
mended by Werelins and Jacobson. 

Of these methods the one recommended by Kocher 
has been employed most frequently. If it seems as 
though the Hgation of the superior thyroid vessels 
on one side is as much as the patient can safely en- 
dure at the first sitting, then the skin is cocainized 
along the anterior border of the stemo-cleido-mastoid 
muscle from the point (a) or (b), Plates 2 and 30, 
downward for a distance of five c. m. A puncture is 
then made with a fine sharp scalpel through the skin 
at the point (a) or (b) according to the side on which 
there is the greatest amount of enlargement, then a 
blunt-pointed hypodermic needle with a lateral 
opening attached to a syringe containir^ the anass- 
thetizing solution is passed into the deep tissues 
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along the anterior border of the stemo-mastoid 
muscle and a sufficient amount of fluid is injected to 
thoroughly ansesthetize the tissue to be manipulated 
later. After waiting for five minutes the skin is in- 
cised, the muscles covering the anterior surface of 
the lobe are retracted outward and the superior 
thyroid artery and vein are exposed, isolated and 
devated with a Kocher director either singly as 
shown in Plate 22, or together, "niey are then caught 
with two pair of haemostatic forceps and ligated as 
shown at (e) and (e') and (e') and (e* '), Plate 13. 
It is not necessary to expose the entire gland as shown 
in these figures to accomplish this which can easily 
be done through the incision described above. If 
the patient is in a satisfactory condition after this 
bas been done on one side the same thing may be 
done on the opposite side immediately. This is 
usually the better plan because as has been shown 
aU of the arteries and veins of the thyroid gland are 
so thoroughly anastomosed that the ligation of only 
one of the four principle arteries and veins has but 
little influence upon the production and absorption 
of thyroid toxins while the ligation of both superior 
thyroid arteries and veins seems to have a very 
marked effect. Were it possible at the same time 
to ligate also the inferior thyroid artery and vein on 
one side the results would be still better, ' but the 
amount of trauma inflicted by the ligation of one in- 
ferior artery and vein is much greater than that re- 
quired in the ligation of both sides above, hence, 
most patients who are sufficiently strong to bear 
the ligation of three sets of vessels are quite strong 
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enough to bear the excision of one thyroid lobe at 
the same time. 

In case there is a sufficient amount of enlarge- 
ment present to make it desirable to excise one 
lobe later, it is probably better to make the incision 
shown in Plates 22 and 30, and to turn up the flap as 
shown in Plate 31, because the incision can be made 
in a few moments entirely painless under local 
anaesthesia. The ligation of the anterior jugular vein 
as shown in Plates31 and 32, will dispose of a greatly 
enlarged vessel. The muscles anterior to the thyroid 
gland can be separated easily and the ligation of 
the superior th5'Toid vessels can be secured in a 
shorter time than through two separate incisions. 
At the same time a double suture may be passed 
around a number of the superficial branches of the 
inferior thyroid vessels on the side on which the gland 
is enlarged. The flap can be brought down into place 
after all this has been accomplished and held in 
proper position by the insertion of from four to 
eight fine catgut sutures which grasp the platysma 
and the sub-cutaneous connective tissue. 

This operation requires somewhat less skill than 
the one first described. In case the gland is not 
sufficiently enlarged on either side, however, to in- 
dicate its removal it is not necessary to make this 
long incision. On the other hand if it is desirable to 
remove an enlarged lobe, the patient will usually 
be in condition to have this secondary operation 
made in from one to two weeks, when the flap can 
be turned up again and the operation for excision 
of the thyroid gland which has already been fully 
described, may be performed. 
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Ligation of Thyroid Veins. It has been sug- 
gested by Tuholske that the ligation of the thyroid 
veins would reduce the introduction of thyroid 
poison into the general circulation to such an extent 
that the hyperthjrroidism of exophthalmic goitre 
would be abolished while there would be no danger 
of myxoedema because the gland itself would not 
be removed. This theory seems to be borne out by 
the clinical observations as set forth in this most 
interesting article and it is possible that the opera- 
tion suggested will receive a recognized position 
after it has been tested for a sufficient period of time. 
At this time it seems of sufficient importance to de- 
mand our consideration. 

Operation. An incision is made as indicated in 
Plates 2 and 30, the flap of skin and platysma is re- 
flected as shown in Plate 32, and the sternohyoid, 
sternothyroid and omohyoid muscles are retracted as 
shown in Pkites 31 and 32. The anterior jugular vein 
and its branches arc ligated, then the twosuperiortliy- 
roid veins are isolated, the Kocher director is in- 
serted underneath each vein and two hfeiiiostatic 
forceps are a:pplied as shown in (e) and (c'). Plate M, 
the veins are severed and ligated as shown in Plates 
31 and 32. It is a relatively easy matter to li.yate the 
superior thj-roid veins because they are quite super- 
ficial and easily isolated. Tlie inferior thyroid veins 
on the other hand cannot be isolated so easily t^c- 
cause tlicy enter the gland from behind ami it is 
conscqtiently necessary to lift the lower l«ii-dt.T of 
the gland forward in (mler to expose tlicsu veins. 
In di.scu.ssing the excisinn of the lateral Inl^r ni" tlic 
thyroid glaml it was shown that by (lr>-t liVatin- Ihc 
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superior thyroid vessels and dislocating the lobe for- 
ward it is not very difficult to ligate the inferior 
thyroid vessels, although there is great danger of in- 
juring the recurrent laryngeal nerve and the para- 
thyroid gland on the side involved. 

It is much more difficult to isolate the inferior 
thyroid vein when the superior thyroid artery has 
not been severed and this difficulty increases with 
the size of the lobe, but as this operation is indicated 
only in cases in which the excision of the lobe need not 
be considered because of its enlargement one will, 
of course, not be called upon to ligate the inferior 
thyroid veins in any case in which there is a consider- 
able enlargement of either lobe, but only in cases 
in which the symptoms of exophthalmic goitre exist 
without much enlargement of the thyroid gland. 

In this class of cases it is possible to draw forward 
the lower border of the gland sufficiently to isolate 
the inferior thyroid vein as shown in Plates31 and 32, 
and to elevate it as shown at (n) with a Kocher 
director. Then two forceps are applied as shown at 
(m) and (m') , the vessel is cut and ligated as shown at 
(m") and (m"'). The vein is located to the inner 
side of the artery and is not in as close relation to the 
recurrent laryngeal nerve as the latter, hence, the 
operation is easier and safer than the ligation of the 
inferior thyroid artery. In ligating the inferior 
thyroid artery it is always necessary to expose the 
recurrent laryngeal nerve because it is only by doing 
this that one can be certain that the latter is not in- 
jured during' some part of the manipulation. In 
ligating the inferior thyroid vein, on the other hand, 
it is necessary only to expose the structure carefully 
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on the Kocher director as shown in Plates 31 and 32, 
in-order to avoid injuring either the recurrent laryn- 
geal nerve or the parathyroid gland. In ligating the 
inferior^thjrroid artery it is also important to ligate 
near the entrance of this vessel into the gland in 
order not to ligate the branch which sometimes sup- 
plies the parathyroid gland. It is not necessary to 
take a corresponding precaution in ligating the in- 
ferior thyroid vein. 

What has just been said would indicate that this 
operation requires much suigical skill and anatomic 
familiarity aside from that absolutely required in 
performing thyroidectomy, but if the results will 
justify the operation it will not be difficult to acquire 
these. 

The closure of the wound should be the same as 
described in connection with Plate 30. It is not 
necessary, however, to make so extensive a flap 
in order to perform this operation. The superior 
thjToid veins can be ligated through two incisions 
parallel with the anterior border of the sterno- 
cleido-mastoid muscle five c. m. long, extending 
downwards from (a) and (b), Plates 2 and 20, and 
the inferior thyroid and the anterior jugular veins 
can be ligated through a transverse incision five c. ni. 
long occupying the portion of the incision represented 
in Plates 2 and 20, passing across the middle of the 
neck. The deformity following the closure of these 
three incisions or the horseshoe incision is very 
slight in these cases if the platysma and sub-cutan- 
eous connective tissue are sutured sc])arately as 
described in connection with the previous njicratinn. 
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incision fTom two to four c. m. in length through 
the skin, superficial fascia, and platysnia exposing 
first the anterior border of the stemo-cleido-mastoid 
muscle directly overlyii^ the pole. The authors 
make a transverse incision but as this leaves a more 
unsightly scar on the neck than an incision parallel 
with the anterior border of thestemo-mastoid muscle, 
the latter incision would be preferable in this as well 
as in the two operations just described. 

The inner border of the stemo-mastoid is then 
loosened, raised and retracted exposing the fibres 
of the sternothyroid muscle which extend in the 
opposite direction. These fibres are retracted for 
about one inch exposing the deep fascia covering 
the thyroid gland. This fascia is next divided and 
the capsule of the gland brought into view. The 
muscles are well retracted by blunt hooks. A strong 
double ligature is then passed around the pole of 
the gland outside of the capsule by means of a 
ligature carrier, or a lai^e pedicle or aneurism needle. 
The authors advise the use of heavy silk or linen 
ligatures because of the slowness with which these 
are absorbed. The two ligatures are separated one 
to one and one-half c. m. from each other and tied 
very firmly. Immediately after the ligation the 
tissues between and in the vicinity of these ligatures 
becomes very severely blanched and undoubtedly 
the tissue between the two ligatures will become 
absorbed, permanently disposing of the arteries, 
veins and lymph channels in both upper poles of the 
thyroid gland. 

Plate 33 represents the appearance of each pole 
with the double ligature in place. In the actual oper- 
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ation the structures would, of course, not be exposed 
as thoroi^hly, as the operation is performed 
through a small incision, the extensive exposure 
shown in this figure not being necessary. If one 
does not injure the deep jugular vein or the carotid 
artery extetiially no harm is likely to be done by 
the passage of the ligature. In some instances it 
is difficult to pass the ligature because of the ad- 
hesions between the upper pole of the gland and 
the surrounding structures, especially on the outer 
side, but by a slight amount of blunt dissection this 
difiictilty can readily be overcome. 

This operation promises much but only careful 
observation of a large number of cases can deter- 
mine its actual value. 

Enucleation of Thyroid Tumors. Occasionally 
the surgeon encounters a circumscribed tumor in 
one of the lobes of the thyroid gland which may 
suggest its removal without excising the lobe in 
which this is found. 

Usually the lobe contains a number of these en- 
larged lobules or cysts, and one can confidently ex- 
pect that the removal of the large cyst will be fol- 
lowed by the development of others. 

It is consequently wise to make an enucleation 
only in cases in which there is actually a solitary 
cyst or a solitary fibroma. The operation is usually 
safe and simple and readily carried out. 

Operation. An incision is made over the most 
prominent portion of the gland directly over the 
cyst parallel with the natural lines of the neck. The 
muscles are separated and held apart with retractors. 
The vessels on the surface of the gland are caught 
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with two pairs of forceps, cut and ligated doubly. 
Then the incision is carried down to the cyst through 
the substance of the gland. The cyst wall can be 
recognized by the abundance of connective tissue 
fibres it contains. , 

It is then enucleated either with the finger or by 
means of a blunt dissector. The cavity is tamponed 
with a hot gauze pad. If there are any vessels that 
continue to bleed these are caught with haemostatic 
forceps and ligated or a few fine catgut sutures are 
apphed. Occasionally, though rarely, tlie hEemorr- 
hage is so severe that the superior or inferior thy- 
roid vessels have to be ligated and sometimes thy- 
roidectomy must be made. 

The cavity is then tamponed with gauze and a 
glass drain is inserted and the wound is closed. In 
this and in the previous operations the glass drain 
introduced by Kocher is most satisfactory. 

Malignant Growths of the Thyroid Gland. Car- 
cinoma of the thyroid is far more common than 
sarcoma, but as both conditions are hopeless so far 
as treatment is concerned, when advanced far enough 
to be diagnosed, it might be proper to consider 
these conditions together. 

In a number of cases in which a thyroidectomy 
has been performed for the reUef of simple goitre 
in which a postoperative microscopic examination 
has demonstrated the presence of carcinoma, the 
patient has remained free from recurrence because 
of the fact that the growth had not as yet ad- 
vanced beyond the hmits of the gland at the time 
it was removed. 
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In a structure with such complete anastomosis of 
arteries and veins and as vascular as this structure 
no other outcome could be expected. Unless some 
reliable plan for making a diagnosis is introduced 
which will demonstrate the presence of malignancy 
in the enlarged gland before it can be recognized by 
the unaided senses, we are not likely to be able to 
make a favorable prognosis in cases of carcinoma or 
sarcoma of the thyroid gland. At present it seems 
possible that some cytolitic method may be devel- 
oped which will make it possible to recognize the 
presence of carcinoma during its earliest stages, but 
as yet this has not been perfected. 

In carcinoma the gland is enlarged, somewhat 
nodulated, usually very sessile and there is a distinct 
tendency toward infiltration of surrounding tissues. 
Fig. 20 represents a patient suffering from carcinoma 
of the right breast and carcinoma of the thyroid 
gland. The picture shows how the nipple is retracted, 
and in the neck one can see how the skin is becoming 
involved by the invasion from below causing the 
latter to become adherent, indurated and retracted 
in places. 

Later on there is usually marked obstruction to 
the venous circulation so that the veins stand out 
to a marked extent in the vicinity of the gland as 
shown in Figs. 21 and 22. 

This condition can occasionally be mistaken for a 
sub-acute inflammation of the gland which is called 
strumitis when it occurs in a gland which had pre- 
viously been enlarged, or thyroiditis if it occurs in 
a gland previously normal. In rare cases this con- 
dition may be due to tuberculosis of the gland. 
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This fan be dfUrrmined by the use of the tuberculin 
teHt, In four cases I have encountered an infection 
in a carcinomatous thyroid gland, consequently it 
is not safe to give a favorable prognosis because of 
the undoubted presence of an infection, because the 
proximity of the trachea and larynx makes an in- 
fection very possible in carcinoma. This complica- 
tion is very likely to cause an obstruction of the 




Fig, 30. Caruiiicium of itiyroid gland am! of ri>[bt breast. 

larynx threatening the patient's life by suffocation. 
In this complication intubation or tracheotomy may 
be indicated but it is usually best simply to give a 
sufficient amount of anodynes to reheve the patient's 
suffering. 

The groift*th may increase rapidly in size or it may 
remain almost stationary for weeks or months, or in 
rare instances even for years. When operated upon, 
however, there seems to be a rapid increase in size. 
It seems wise to remove the entire lobe and the isth- 
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mus of every goitre in patients forty years of age or 
older in whom one suspects the possibility of the 
occurrence of malignancy, because in this way it will 
undoubtedly be possible to remove a number of 
incipient carcinomata permanently. The operation 
is safe and the patient wiU be relieved of pressure 
and of a repulsive deformity, and may be saved the 
development of an incurable carcinoma. 

It is not always possible to make a differential 
diagnosis between carcinoma and sarcoma of the 
thyroid gland but what has l>een said concerning the 
hopelessness of the former may properly be repeated 
concerning the latter. In my experience sarcoma 
has grown more rapidly than carcinoma. The skin 
has remained free from the underlying tumor and 
the surface of the growth has presented lobes rather 
than nodules. Figs. 23 and 24 represent a typical 
advanced case. 

In one case of rapidly advancing carcinoma of the 
th>Toid gland in a woman fifty-eight years of age, 
who came under my care two years ajjo, the patient's 
condition was so severe from pressure upon the 
trachea that she was placed in the hospital where 
an intubation or a tracheotomy coxild be made at 
any moment. In the meantime twenty-minute ex- 
posures were made with the x-ray daily with a 
moderately hard tube at a distance of twelve inches. 
Within a week the patient could breathe without 
gasping, in a month she could lie down and there 
was a slight reduction in the size of the growth and 
then it became stationary, and somewhat softer. Ithas 
remained in this condition for eighteen months with- 
out treatment. None of the other cases have re- 
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sponded in this manner. In sarcoma it may be ad- 
visable to employ the x-ray and possibly also Coley's 
serum, but all advanced cases must be looked upon 
as practically hopeless. 

Transplantation of the Thyroid Gland. Experi- 
mentally it has been shown that the thyroid 
gland can be transplanted from its normal position 




great ly 



to other jxirtiiins uf tlie body ot" the same animal, ur 
it may be transplanted from one animal tu ani>Uiei 
of the same si)ecies. Many locations were elmsen by 
various authors. Kuchcr trans])lantc(i a thyroid 
jjland under the skin of the neck; Von I-^liselber;^ into 
the peritoneal .s]Kice; I'ayr into the spleen; Sennan 
made a cavity in the lil)ia and traasplantct] the 'A:nv] 
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into this space. Schiff demonstrated in the year 1884 
that it is possible to keep animals alive whose thy- 
roid glands had been removed by transplanting the 
thyroid gland of the same species of animal into 
some portion of this animal, while other similar 
animals invariably died of myxoedema after com- 
plete thyroidectomy without transplantation. The 
histological examination of the transplanted gland 
has shown that a portion of the tissue is invariably 
absorbed. It has been found that rapid transplanta- 
tion and aseptic healing decreases the amount of 
dej;eneration and that it is important not to injiore 
the tissues of the gland by violent manipulations. 
Experiments have been made by injectii^ crushed 
thyroid substance sub-cutaneously or interstitially 
with the idea of supplying thyroid tissue to the 
patient without the necessity of subjecting her to an 
operation which in itself would subject the patient 
to a considerable strain. 

Should we attempt to discuss the subject of trans- 
plantation of the thyroid gland in all of its phases 
too much space would have to be consumed and there 
would not be much practical advantage gained by 
this as these experimentations and clinical studies 
have not as yet reached a point where it would be 
proper to draw positive conclusions upon which one 
could reasonably base therapeutic practice. Salzer 
has recently reviewed this subject most carefully 
and has made a large number of most interesting 
animal experiments based chiefly upon the observa- 
tions and experiments of von Eiselberg, Enderlen, 
Christens, Pa>T, Sultan and others, and it has seemed 
to me that for the present it will be wise to accept 
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his view of this subject because he has re\'iewed the 
subject in a most logical manner and supports his 
views by definite postmortem findings in a sufficient 
number of animal experiments to make his theories 
plausible. 

Salzer finds that in transplanting the thyroid gland 
into animals that have been completely deprived 




of this stnictnrc, tbu transi)lanUHl ;,flanil heroines an 
active part i)f its new Iiost or of its old iicst in anv 
location more quickly than it does if tlie aiiiina! lias 
been de])rived o( only a jiurtion of its tiiyrciicl inland 
or if its tluToid i^daml has not l)een disturlicil. More- 
over, the amount of dcijeneravive e']an;,es under the 
former cmflitinn is much less llian under llie latter. 
In other words, tlie tissues of the animal see:;i lo 
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require the active thyroid gland as a part of the 
organism and when this has been removed from its 
normal location there seems to be an inherent 
tendency to provide for its participation in the 
physiological activity of the tissues of the body at 
the earliest possible moment. He also finds that 
under this condition the gland which has been trans- 
planted to the abdominal wall actually takes up its 
physiological function, that the production of colloid 
substance is sufficient and that the vascularization 
of the gland equals that in its normal location. He 
favors the abdominal wall for the location because 
his experiments have demonstrated this to be satis- 
factory and because it is a simple surgical procedure 
which is perfectly safe and can, of course, be re- 
peated in case it becomes apparent that the amount 
of thyroid tissue transplanted at first is not sufK- 
cient to supply the physiological needs of the patient 
which would become apparent by the recurrence of 
symptoms of myxcedema. 

It seems likely that this method will be applicable 
in cases of myxcedema and especially in cretinism. 
The method employed in animal experimentation 
could be applied to these cases. 

Technic of Transplantation of Thyroid Gland. 
The patient into whose body the gland is to be trans- 
planted and the one from whom one lobe of the 
thyroid gland is to be removed are both aruesthetized 
simultaneously. An incision is then made splitting 
one of the recti muscles of the abdomen longitudin- 
ally tlirough its middle for a distance of ten to 
twelve c. m. according to the size of the gland to be 
transplanted. All of the bleeding vessels are then 
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caught in haemostatic forceps. A space is formed by 
the separation of the rectus abdominis muscle from 
the transversalis fascia sufficiently laige to con- 
veniently hold the gland to be transplanted, care 
being taken not to injure the deep epigastric vein 
which lies between these structures and is especially 
liable to injury because of the thinness of its walls. 
A pad of gauze wrunj^ out of warm normal salt solu- 
tion is now packed into this space in order to control 




tlie oozing from the .small vcs.sels by its pressure. 
The salt solution should not be warmer than 105° F. 
in order not to impair these surfaces. Interrupted 
silkworm gut sutures are now applied 1 lut not tied, 
then the outer wound is covered with gauze and the 
wound is left until the gland has been remo\'cd. In 
removing the gland the technic described in the 
chapter on UnToidectomy shoidd be followed, great 
care lieing taken to hnn<lle the organ with the great- 
est degree of gciitleness. It is at once placed in its 
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new cavity as soon as it has been removed without 
coming in contact with any fluid, antiseptic or other- 
wise. While an assistant completes the operation on 
the second patient, the surgeon adjusts the gland 
to the space between the rectus abdominis muscle 
and transversalis fascia of the new host and fastens it 
in this place at a few points with fine catgut sutures 
tied loosely in order to prevent pressure necrosis. 
Then the abdominal wall is closed with catgut sutures 
and the silkworm gut sutures are tied over all. 

Selection of Material. Of course the same care 
must be taken in selecting material that one would 
employ in the transfusion of blood from one individual 
to another. It seems wise to choose a healthy in- 
dividual and possibly to make serum tests for tuber- 
culosis and syphilis and possibly for carcinoma. It 
seems that a simple hypertrophy would provide the 
best material and whether a cystic goitre or an ex- 
ophthalmic goitre could properly be employed, future 
experimentation must determine. 

That this operation can be performed successfully 
on human patients has been demonstrated by von 
Eiselberg and by Kocher. It has been suggested 
that this form of treatment should be employed in 
place of giving thyroid glands or thyroid extract in 
patients suffering from mjrxcedema from any cause 
and in cases of cretinism. The material for trans- 
plantation is no longer scarce since the operation of 
thyroidectomy has become so common. It is con- 
sequently to be expected that the next few years will 
demonstrate what can be expected from this method. 
At the present time the internal use of preparations 
made from thyroid glands has resulted in remarkable 
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inqnovement in tiie growth and devdopment of 
cretins, but these results have been satisfactoty 
lather from an experimental point of view than from 
'the standpdnt of improving these patients as hu- 
man beings, because in most instances they have 
simply been changed from small deformed repulsive 
but harmless creatures to larger, less deformed, less 
repulsive, troublesome imbeciles. It is to be hoped 




Fig. 24. Shows lateral view of BBrcoma of thyroid gland. 

that better results may be obtained by transplanting 
thyroid glands. 

Mr. Lynn Thomas, of Cardiff, has transplanted 
tissue from an enlarged thyroid gland removed from 
otherwise normal patients into cavities formed in 
the tibiee of four cretins. In all of these patients 
thyroid extract had previously been given with 
benefit but as soon as this was interrupted the 
patients became worae. Since the transplantation of 
thyroid gland substance these patients have not be- 
come worse notwithstanding the fact that the ad- 
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ministration of thyroid extract was interrupted 
permanently. 

It does not seem quite clear why one should un- 
dertake so tedious an operation as Thomas has de- 
scribed, when experiments in animals have given 
equally satisfactory results when the thyroid gland 
was transplanted between the posterior surface of - 
the rectus abdominis muscle and the transversalis 
fascia. 
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PROGNOSIS IN EXOPHTHALMIC GOITRE. 



There can be no doubt but what the prognosis 
in Graves' disease has improved enonnously during 
the past few years and that this improvement is due 
very largely to the recognition by Moebius of the 
fact that the disease is due to the circulation in the 
blood of toxic materia] secreted by the thyroid 
gland under certain conditions. Founded upon this 
theory the improvement in prognosis is due to 
recognition of the fact that the cause of this intro- 
duction of toxic material into the circulation can 
tje stopped by the removal of the diseased gland. 
That this can be done safely in over 95 per cent, of 
all cases has been thoroughly demonstrated. 

It seems likely that the prognosis in this disease 
will be still further improved in the future, primarily 
because the diagnosis will usually be made much 
earlier while it will still be possible to obtain a rela- 
tive cure of the patient before great harm has been 
done, especially to the heart muscle. Moreover, it 
is to be expected that some neutralizing antitoxin 
will be introduced which will make the thyroid 
poison harmless even in advanced cases, a quaUty 
which is claimed at the present time for the serum 
of Beebe in early cases and also for the substance de- 
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rived by Moebius from thyroidectomized goats to 
which has been given the name of antithyroidin. 

In a recent report on the treatment of 426 cases 
by his serum, Beebe expresses his satisfaction with 
first introduction of his method. He is carefully ob- 
serving these cases and if they remain permanently 
well for several years the method will undoubtedly 
receive general adoption. If, on the other hand, these 
cases ultimately come to operation, the latter form 
of treatment will surely be applied earlier in these 
cases. 

There is undoubtedly a marked difference in the 
gravity of the prognosis between cases which begin 
slowly and progress in the same gradual manner and 
those which come on acutely and progress rapidly. 
The latter are far more grave. But even these cases 
are not so absolutely hopeless at present as they 
were some years ago since Kocher has pointed out 
a way of reducing the absorption by preliminary 
ligation of veins and by checking the secretion of 
more toxin by simultaneously ligating the accom- 
panying arteries, and later removing one or more 
lobes of the gland if necessary. This is referred to 
at this point only because of its relation to prog- 
nosis and has been fully discussed in the chapters on 
operative treatment. Most clinicians seem to find 
that the prognosis is less hopeful in men than in 
women. Whether this depends upon the fact that 
men place greater strain upon the heart than do 
women before they come under observation, or 
upon the fact that in men the heart has so fre- 
quently suffered from the effects of alcohol or to- 
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bacco or both, or upon some other condition it 
seems difficult to determine. 

My own experience bears out the general impres- 
sion that the disease is more serious in men than in 
women. In a general way also the prognosis becomes 
more grave with the increase in the age of the pa- 
tient although many patients quite advanced in 
years have recovered, some of these with and some 
others without surgical treatment. 

Again it must be borne in mind that very chronic 
cases which have shown little or no change for 
months or years may flare up suddenly and take 
upon themselves quite as violent a character as other 
cases that started very acutely and developed into 
a violent condition very rapidly. On the otlier hand 
one may occasionally encounter one of these very 
acute violent cases which will later take upon itself 
a very mild chronic condition. 

If there are a number of conditions which greatly 
depress the patient, such as severe diarrhcca, ^"iolent 
sweats, nausea, or extreme weakness, the condition 
should be looked upon as grave. When serious heart 
symptoms are accompanied by great emaciation one 
should always give a guarded prognosis. Severe in- 
tercurrent diseases and especially severe mental or 
emotional strain make the prognosis more grave. 

In reviewing the actual statistics of various au- 
thors one is impressed most forcibly with two ele- 
ments. First, that the immediate results with all au- 
thors have improved enormously with each individual 
observer's experience, and second that no one with 
the exception of Kocher has even a considerable 
number of cases that have been carefully observed 
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HISTORY BLANK FOR EXOPHTHALMIC GOITRE No... 

Dkt6 of odmisNon -Date of operAtion 

Dftteol discharge Ago Sex..- 

Nativity Occupation „ 

Name -.. Addrew 

Nnmo of frirnid _ Addrew of frieod.... 



VinKuoeis pathologlcB]. 

Pftmily Ilia lory 

Prpvious history 

Persooal hlfltory 

Date of first By mptoms of goitre 

Dttt« of firat aymptom of exophthalmic goitre 

Kxrltlng cause of exophthalmic goitre 

Iiiflueiiced by adoteoceneeT. PregnaDcy?. 

Puorperium? Infection? 

Strain? ..Nervoue? Mental? 

Emotional?... Onset Acute? Sub-acute? 

Gradual? ConttnuoUB? 

Intercurrent diseases 

Symptoma and phyeical findlnga, goitre?. 

Lobes involved Degree? 

Kxopbthalmoa?... Btellwag?. VonGraefeT.... 

MoebiUB? Pupila? 
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Tremor? Musele spasm? 

Chorea?.,,. Mental symptoms?. 

Sweating? Pigmentation? Hypertemia?.. 

Anasarca? Ascites? 

Blood Hffim.? R. B. C W. B. C 

Polymorph. Leuc Lymph 

Trans Eos 

Urine Sp. gr Alb 

Sugar? Casta? 

Lamyx. Before Oper. After Oper. 

Course of disease 

Course after operation 

Condition when discharged... 

Condition one year later 

Condition two years later 

Condition three years later 

Condition four years later 

Condition five years later.... , 
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Before Oper. After Oper. Remarks 



Tacnycardia I 

Tremor '■ i 

Muscular weakness ^ 

Nervous ex ei tab ill ly ' .. . ' . 

Meatal deficiency ... 

Vertigo 

Graefe's sign 

Stellwag's sign 1 1 

Moeblus'siga | , i.., 

Bryaon's sign \ .... 

Intermittent Conditions ' I !.... 

Vomiting ' . . . . !..,. 

Diarrhoea ! 

Mental depression | I.... 

Exacerbation upon |.... 

Psychic excitation | .;... 

Physical fatigue i J.... 

Mental fatigue I ',.. 

Use of ThjToid extract L. 

Use of Iodine ' 1 !... 

Emaciation i ' i... 

Anaemia | '... 

Myxoedema,.... I j... 

Oedema eyelids I 

Oedema extremities ' |,.. 

Oedema circumscribed , ! '... 

Visible pulsation goitre I... 

Pigmentation skin ' ',.. 

Erythema | '... 

Blushing 

Urticaria | 

Enlai^ed lymph nodes 
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From what has been said it is plain tliat it would 
not be profitable at this point to give much space to 
the actual statistics relating to the prognosis of ex- 
ophthalmic goitre, because the older ones are in no 
way indicative of the results one may expect from 
treatment today and the newer statistics have no 
value as regards the most important question of 
what becomes of these patients a considerable num- 
ber of years after the treatment has ceased in pa- 
tients that have been treated by various methods. 
For statistics regardii:^ the prognosis of cases 
treated by internal methods I will quote Forch- 
heimer who has personally treated 56 cases described 
in another chapter of this book, consisting in the 
administration of five grains of hydrobromate of 
quinine four times daily to which one grain of ergo- 
tine is added to each dose if the quinine alone does 
not give some relief in forty-eight hours. This method 
has also been employed by J. M. Jackson and L. M. 
Mead in the outpatient department of the Massa- 
chusetts General Hospital in eighty-five cases with 
the remarkable result of 76 per cent, cures, 13 per 
cent, benefited and 11 per cent, failures. There can 
be no doubt but that operative treatment of the 13 
per cent, that were benefited but not cured and the 
11 per cent, that were failures would result in a cure 
of at least 90 per cent, of these cases so that first 
treating all of these cases medicinally until it can 
be determined which will be cured by this method 
and then treating those that do not respond satis- 
factorily surgically, the entire mortality will probably 
sink below three per cent, in cases not complicated 
with other diseases. This would, of course, presup- 
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pose an early diagnosis in all cases and an early 
transfer to surgical treatment of all cases not bene- 
fited by internal treatment. Any intercurrent dis- 
ease may, of course, bring about a recurrence in 
cases which have apparently been well for a shorter 
or longer period precisely as this can be brought 
about by severe fright, unusual physical exertion, or 
mental or emotional strain. Moreover, there can be 
no doubt but that patients who have suffered from 
this disease and have actually recovered have less 
resistance in case of any subsequent sickness than 
others who have not previously suffered in this way 
even though there may be no recurrence of exoph- 
thalmic goitre during the period the patient suffers 
from the later disease. 

Before leaving the discussion of prognosis of ex- 
ophthalmic goitre following internal treatment it 
may be well to point out the fact that the cases in 
which cures have been recorded have usually not 
been kept under observation for a sufficient number 
of years to make the statisticsabsolutelysatisfactory, 
although in this result they are no more imperfect 
than are the statistics following surgical operations. 
In either case it seems of the greatest importance to 
assist these patients in planning their lives so that 
all strain, physical as well as mental and emotional 
be eliminated to the greatest possible extent. This 
element will undoubtedly do much to improve the 
prognosis in these cases. This is of greater import- 
ance in cases in which non-surgical treatment has 
been employed because in cases having undergone 
surgical treatment the amount of thyroid tissue has 
been reduced to so marked an extent that the fiood- 
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ing of the circulation with an abnormal amount of 
thyroid secretion from the remnant of the gland 
is less easily accomplished than from the entire 
gland in cases not operated. 

The prognosis in cases treated with serum is still 
more uncertain than in cases in which either medical 
or surgical treatment has been employed. In 42 
cases in which Beebe and Rogers used the cytolitic 
serum they reported 18 cases cured. 14 improved, 
6 unimproved and 4 dead, which would represent 
43 per cent, cured, 33.3 per cent, improved, 14 per 
cent, unimproved and 10 per cent. dead. Moreover, 
it seems to have been shown from the histories of 
these cases that the treatment promises success only 
in early cases in which the thyroid poison has not 
been carried through the circulation for a long 
period of time. 

Regarding the prognosis of cases treated with 
Moebius serum, I have not been able to find definite 
statistics although many authors claim to have seen 
beneficial immediate results from the use of this 
remedy. In only one instance have I found harmful 
effects attributed to the use of this remedy, but on 
the other hand it has been impossible to utilize the 
reports either singly or collectively for statistics. 
This is the more to be regretted because it seems that 
we must expect ultimately to secure relief for pa- 
tients suffering from exophthalmic goitre from this 
direction. It seems as though it must be possible 
to find some antibody that will neutralize the thyroid 
poison until the hyperactive gland portions have 
finished their abnonnal activity. So far Bcebe's 
serum seems to represent the nearest approach to 
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this end, but not near enough to be depended upon. 
Many other conditions undoubtedly have a marked 
bearing upon the prognosis in patients suffering from 
exophthalmic goitre. A man who is able to earn a 
livelihood for himself and his family only by hard 
labor and who feels the responsibility of the support 
of those A^ho are dependent upon him has a much 
less hopeful prognosis than a man who has no re- 
sponsibilities and is not compelled to exert himself 
either physically or mentally. 

In the same way women with great domestic or 
social responsibilities have a grave prognosis. Those 
who are active in the social world cannot obtain rest 
if they remain at home and if they seek rest at re- 
sorts or sanitoria their habits of life usually prevent 
them from obtaining the necessary rest and con- 
sequently they usually return home in a worse con- 
dition than was present when they left. Again, it 
seems that patients amenable to treatment with sug- 
gestion give a better prognosis in a general way than 
others not so constituted. Moebius suggests that this 
accounts for the fact that so many relatively inactive 
remedies have received so much praise in the treat- 
ment of this disease. So long as the remedy does no 
harm and the physician and patient believe in its 
usefulness the latter receives the benefit of mental 
and physical rest and his condition is improved as a 
result of this rest. 

So far as the prognosis of cases of exophthalmic 
goitre treated surgically is concerned one can pre- 
dict with certainty that none of the existii^ statistics 
will have any value even after a few decades because 
of a number of conditions already referred to. I will 
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consequently give only the statistics of a few very 
widely separated authors who are at the same time 
the best authorities on the subject. I refer to C. H. 
Mayo, of America; Kocher, of Switzerland and 
Landstrom, of Sweden, although a score of others, 
like Halstead, Shephard, Curtis, Mikulicz, Rehn and 
others, have published lists of cases which are both 
interestii^ and instructive. 

Kocher's statistics show a mortality of 3.5 per 
cent, in cases operated for the relief of exophthalmic 
goitre. This includes both early and late cases al- 
though if grouped separately the cases operated 
during the past few years would give a much smaller 
mortality. He states also that there is not a single 
case in which the patient has not been much bene- 
fited. In 83percent.of casesacureisreported. 73per 
cent, of cases with primary disease were cured and 
92 per cent, of cases with the disease, combined with 
ordinary goitre were cured. 100 per cent, of ca?:es 
with vascular goitres were cured. 

Tlie statistics of C. H. Mayo vary so little fruni 
those given above that it seems scarcely necessary 
to repeat them. Suffice it to say that the mortality 
is less than 3 per cent, in an experience based on 
more than 1,000 thyroidectomies for the rcUof of 
exophthalmic goitre. Landstrom's statistics based on 
54 cases show very similar immediate results. He 
has subjected the histories of his cases to a most 
critical study from every point of view which makes 
his observations especially interesting and valuable, 
although the relatively small material makes his 
conclusions lacking somewhat in clinical sui>port 
compared to the above authors. 
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Landstrom has shown from a most careful study 
of his cases that there is little postoperative improve- 
ment from actual injury to the heart as a result of 
the thyroid poisoning even in cases that seem to 
have recovered as a result of thyroidectomy. Al- 
though the tachycardia may subside there seems to 
be but little reduction in the size of the heart if 
dilatation has occurred as a result of the disease, so 
that we can speak only of a relative cure. Although a 
man may work after he has obtained such a relative 
cure as a result of thyroidectomy, still the prognosis 
cannot be good in such a case as compared with 
recovery from many other diseases in which the 
tissues have not been exposed to this toxic sub- 
stance. No doubt a long period of rest following 
thyroidectomy will enable the tissues to recuperate 
to a marked extent although such defects as cairdiac 
dilatation may not be overcome by the natural 
tendency of the tissues to recover under favorable 
conditions when the cause of their pathological 
changes has disappeared. 

All symptoms which are due to the direct irrita- 
tion of the thyroid toxin are certain to improve after 
thyroidectomy has eliminated the possibility of 
further production of this toxin, but it is quite 
different with the symptoms thatdepend upon actual 
degenerative processes like cardiac dilatation due 
to myocarditis. The same is true of marked exoph- 
thalmos. Although the muscles involved in the 
production of the exophthalmos may recover to a 
great extent in some cases, in others they will remain 
in a weakened condition and consequently the symp- 
toms may remain although no fresh poison is in- 
troduced into the circulation. 



yGoot^le 



190 THYROID CI,AND 

It is an easy matter to determine the fact of a 
permanent impairment of the heart muscles and the 
cylinder-formed muscle of Landstrom which de- 
termines the exophthalmos, but it is much less easy 
to determine the permanent effect of exophthalmic 
goitre, which has persisted for a considerable period 
of time, upon the other tissues of the body. It is 
however, clear that the effect is not confined to any 
muscle or groups of muscles but that all tissues of 
the body suffer. The form of history proposed above 
will serve to give us data for reliable conclusions, 
provided a careful record is made in each case ac- 
cording to this form, and some provision is made for 
annual reports from patients after recovery. 

In the meantime we know enough to be entitled 
to the opinion that the hyperthyroidism must be 
stopped ear'y in order to prevent these permanent de- 
fects. If this can be accomplished with rest, hygiene, 
diet, and therapy, well and good, if not, then the case 
siiould be treated surgically. At this point it is well 
again to insist upon tlie fact tliat whatever form of 
treatment may be employed, all that can be expected 
primarily of this treatment is to stop the pr<.>grcss of 
the poisoning. 

The repair of the harm that lias already been 
done to the tissues must be accomplished by tlie 
after treatment which will iiave to consist of rest 
tonics, diet and general hygiene. This is fiuite as im- 
portant after surgical as after internal trcalinent. 
In either case this after-treatment must be continued 
for many months and this will largely itetcrmine the 
ultimate prognosis. 
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find the disease in some ancestor or near blood rela- 
tive by carefully investigating; the family history. 

As regards heredity in exophthalmic goitre there 
seems to be more opposition than to the theory of 
heredity in simple goitre. 

The most satisfactorv case I have encountered in 




Fig. 36. Infant of 5 i 



turret heud. 



i distinct oxoplitbalm 



the literature is one described by Schmauch, in a 
woman thirty-five years of age, mother of four 
children, the last one born eight weeks prematurely. 
At the time the different children were bom the 
mother was twenty-six, twenty-eight, thirty and 
thirty-two years old. The goitre first appeared dur 
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ing the second half of the first pregnancy and in- 
creased during each succeeding pregnancy. Distinct 
symptoms of exophthalmic goitre developed diuing 
her fourth pregnancy. She had marked exophthal- 
mos, was cyanotic, had oedema over the entire body, 
was extremely weak, had a pulse of 145 beats per 
'minute, and the neck measured 40 c. m. Three day^ 
after labor she was subjected to treatment with 
Moebius' anti-thyroidin, thirty drops twice daily, 
every second day. The dose was later increased to 
fifty drops twice daily, every second day, and then 
again reduced to twenty drops. 

She improved steadily, increased in weight from 
114 to 138 pounds. The pulse was reduced so that 
it varied from 90 to 110 beats per minute, while the 
average count had been about 35 beats higher during 
the severe attack, and her general condition was 
greatly improved. 

The youngest child, a boy, bom during the height 
of her attack, weighed scarcely four pounds at birth. 
Fig. 25 represents him at the age of five months. 
His head is irregular in shape, his abdomen is large, 
his eyes are protruding and there is distinct irregu- 
larity in the growth of the forehead. The occuput 
and forehead were bulging out, the parietal bones 
were sunken, giving the child's head the form of 
a saddle head and turret head at this age, a con- 
dition which has persisted to the present time to 
quite a marked extent as shown in Figs. 27 and 28. 
Five weeks after labor his eyes started to bulge out 
and the head as a whole seemed to grow rapidly, 
especially the forehead. A few days later the temporal 
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bone began to protrude, then one side of the occiput, 
then the other side, then the left frontal bone in the 
region of the protuberance seemed to elevate. 







illis of infant shown i 



These peculiarities are all shown in Figs. 25 and 
26. At the age of II months the child weighed 19J 
pounds, at the age of 27 months his height is SO c. m., 
he weighs S5 pounds and his appearance is shown 
in Figs. 27 and 28, which still shows plainly the 
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presence of exophthalmos. The conditions observed 
in this child seem to show that exophthalmic goitre 
is sometimes transmitted from mother to child. It 
would lead too far should we go into discussion more 
extensively at this point but for those who are 




distinctly. 
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especially interested in this feature, a study of the 
essay by Schmauch, will furnish exceedingly inter- 
esting and profitable reading, In most instances in 
which authors mention the condition of children 
bom of exophthalmic mothers there has been no 
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transmission of this condition from the mother to 
the child. 

Congenital Goitre. A large number of cases has 
been reported of infants born with goitres varying 




in size. These usually decrease in size rapidly after 
birth or the infants die in convulsions or exhaustion. 
Oswald has found that young calves have no iodin 
in their thyroids, but that after nursing and before 
taking other food iodin is found, hence, he reasons 
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that the milk must contain iodin unless this comes 
from the blood of the young animal bringing this 
substance from other tissues in the body. It is pos- 
sible that mother's milk supplies the iodin in infants 
with congenital goitre. 

In an infant in which the neck had a circumference 
of 8 c. m. more than the head, due to coi^enital 
goitre, which became slightly worse durir^ the first 
two weeks of life, I have seen the goitre decrease 
perceptibly from day to day by the administration of 
5 grs. of thyroid extract three times daily to the 
mother and i gr. twice daily to the infant. In four 
weeks the little patient was in excellent health and 
when two months old nothing of the -former disease 
could be detected. 
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CHAPTER XII. 



INTRODUCTION— HISTORICAL— FUNCTION. 



Tucked away behind the more prominent thyroid 
gland the parathyroid glandules for a long time es- 
caped the eye of the anatomist, and even for a long 
time after they were finally discovered they were 
given no particular consideration. Finally a French 
investigator noted that a rabbit deprived of these 
tiny bodies died in tetany. Gradually the import- 
ance of this observation, through the extensive con- 
firmation of animal investigation, dawned upon the 
surgeon and the practitioner of medicine. 

The anatomist, the histologist, and the embryolo- 
gist had proven these bodies to possess a structure 
different from that of any other tissue. The ex- 
perimental investigator had shown their remark- 
able physiologic importance in a wide range of 
animals, and demonstrated that they were an inde- 
pendent vital oigan. It remained for the clinician 
to take these results and apply them at the bed side 
and in the operating room. There was the whole 
range of tetanies to be considered, some of especial 
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interest to the internist and others to the neurologist; 
some of importance to the gynaecologist and ob- 
stetrician. To the surgeon there was at once the 
question of the importance of these bodies in opera- 
tions involving the thyroid gland. All diseases that 
manifested tetanic symptoins came at once into 
consideration in the light of this new discovery. 

Many of these diseases for which a hypoparathy- 
roid etiology was first suggested have lacked in post 
mortem morphologic findings, but a group of tetanies 
has remained that may, by their study from the 
standpoint of a parathyroid etiolc^y, be brought 
into a closer relation. 

To the surgeon the relation of tetany to parathy- 
roid destruction has been so definitely proven that 
ultimately an exact acquaintance with these struc- 
tures must be a part of all intimate surgical knowl- 
edge. Such knowledge has been delayed, save with 
the leaders of siu^ery, owing to the natural skepti- 
cism that would for a long time be maintained to- 
wards the striking phenomenon of the removal of 
such small bodies giving rise to so severe and often 
fatal tetany. But at the present time the truth is 
coming to be generally recognized, and the parathy- 
roid glands are being given the place of real import- 
ance that they deserve. 

The assembling of all that is known about the 
parathyroids is not an easy task, for it nuist be sought 
from many sources. So far there has been little 
regard paid to these glands by the writers of text 
books, but this disregard is not due to lack of work 
on these bodies. Considerably more than three 
hundred titles may be collected of important articles 
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dealing with these glands from laboratory workers 
in Sweden, Germany, France, Italy and America. 

HISTORICAL. 

It was in the year 1880 that Ivar Sandstrom dis- 
covered the parathyroid glands. He found these 
bodies constant in fifty autopsies in man, and he 
further studied them in the dog, cat, rabbit, ox and 
horse. This work of Sandstrom's is so thorough and 
complete from both an anatomic and a histologic 
standpoint that he deserves all credit for the discov- 
ery. It will only add to the thoroughness of Sand- 
stroem's work to cite a number of investigators be- 
fore him who had noted these glandules but passed 
them by as being probably accessory thyroids or 
small lymph nodes. 

Remak is cited by Sandstrom as having described 
these bodies. Virchow, in 1863, also noted them, 
as he described smaU rounded bodies, about the size 
of a pea, which he found in the loose connective 
tissue on the posterior surface of the lateral thyroid 
lobes, but he thought these bodies were lymph nodes 
or detached portions of thyroid tissue. 

Baber, in 1876, described what we now know are 
the parathyroid glands of the dc^, and the same 
author, independently of Sandstrom, published in 
1881 a description of what he termed "undeveloped 
portions of the thyroid gland" which were luidoubt- 
edly parathyroids, but he failed to recognize their 
constant occurrence or significance. 

Among other investigators who faUed to recognize 
the significance of these bodies, although undoubtedly 
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observing them, may be mentioned Kaydi, and 
Maselung, whose observations were published two 
years and one year respectively before Sandstrom's 
paper appeared. Immediately after Sandstrom, 
Woelfler described under the name "Glandulae Para- 
thjreoideae" (the same term that had been used by 
Sandstrom), similar bodies which he considered as 
an embryonal developmental sta^e of thyroid tissue 
set free from the gland at an early time. 

From this time on, the parathyroid glandules, as we 
will now term them, received more or less spasmodic 
attention. Rogowitz, in 18SS, described what he 
called ' 'restes embryonnaires' ' in the thyroid glands of 
animals. He considered them as parts of the thyroid 
in process of development. Christiani, in 1S93, ex- 
amined the parathyroids of rodents, finding only one 
glandule on each side. This author also considered 
these organs as portions of enibryonic thyroid tissue. 
Liezenska, described these glands in the dc^, and 
considered the tissue a sort of reserve material that 
could furnish fresh thyroid follicles when necessary. 

Huerthle, at about this time, described, in a 
study of thyroid secretion, an "interfoUikulaeres Epi- 
thel," which differed in its structure from thyroid 
and secreted no colloid substance. He considered 
this tissue as undeveloped thyroid. 

It was not until 1895 that Kohn placed the ana- 
tomy and histology, as well as the genesis of these 
glandules, on a definite basis and established the 
fact that they were independent structures morphol- 
ogically and functionally distinct from the thyroid 
gland. He also made clear the fact that in the ral.)bit 
there were two pairs of these glandules. The deh- 
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nite establishment of the number and situation of 
these glands in the dog, cat and rabbit by Kohn was 
of great importance to the development of the physi- 
ologic importance of these structures. 

Next to the name of Sandstrom that of Gley is 
most intimately associated with the development of 
our knowledge of the parathyrpid glands. In a 
series of fifteen papers appearing for the most part 
as short communications in the Comptes Rendus de 
la Societe de Biologie from 1891 to 1897, Gley es- 
tablished for the first time by animal experimenta- 
tion the important physiological function of the 
parathyroid glandules and showed that post operative 
tetany after thyroid operation was due wholly to re- 
moval of the parathyroids, and was in no way connect- 
ed with the thyroid as had previously been supposed. 

These organs, then, that for a long time had ap- 
peared so comparatively unimportant from an ana- 
tomic standpoint, and which presented so peculiar a 
histologic picture as to make the idea possible that 
they were rudimentary rather than functional or- 
gans, were, by the work of this investigator shown 
to possess, when regarded from an experimental 
side, an importance in the vital economy equal to 
that of any other functioning oi^an. And it is from 
the time of Gley that the question of this important 
function of these tiny glands has aroused the interest 
of the medical and surgical world, and the literature 
has multiplied in the effort to solve the complicated 
problems that the parathyroid glandules have pre- 
sented to us. 

Among the earlier investigators who took up and 
added to the work of Gley in establishing the fact 
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that the loss of all the parathyroid glands results in 
death in tetany there are certain names of historical 
interest which may be mentioned here, though their 
work will be taken up in more detail in considering 
the physiology of these glands. 

This list includes Verstraten and Vanderlinden in 
Belgium, Vassale and Generali in Italy, Edmunds 
and D. A. Welsh in England, Kohn, Pineles and 
Erdheim in Austria, Moussu and Alquier in France, 
and MacCallum in America. 

The animals usedforthese experiments include the 
dog, cat, rabbit, rat and monkey, all of which ani- 
mals respond to the complete removal of the para- 
th3rroids by severe tetanic symptoms ending usually in 
death. In the herbivora it seemed impossible to show 
at first this parathyroid tetany after operation, and it 
was thought the differences in these animals was due 
to their vegetable diet, but even in such animals as 
the sheep and goat, tetany, it was found, could be 
produced provided all parathyroid tissue was re- 
moved, the difficulty being to find the parathyroid 
tissue which apparently has a wide distribution in 
these animals. 

The natural result of this experimental work in 
animals was a flow of ideas towards its application to 
certain conditions of importance from a clinical 
standpoint in the practice of surgery and internal 
medicine. 

The pathologist, it might be mentioned in passing, 
found little to repay him for a morphologic study of 
these glands, although certain facts of interest and 
some observations of negative as well as positive 
importance have been brought out by the studies of 
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Peterson, Benjamins, MacCalltun, Getzowa, Erdheim 
and others as will be duly chronicled. 

To the internist the question of a hypoparathy- 
Toid etiology in the various tetanies became of in- 
terest ; such as the so-called idiopathic tetany of 
workers in certain lines, children's tetany, the tetany 
of pregnancy and lactation, and gastric tetany. Epi- 
lepsy, exophthalmic goitre, paralysis agitans and 
other conditions attended with tremor have had their 
turn as diseases for which a hypoparathyroid etiol- 
ogy was tentatively advanced. Osteomalacia and 
ridcets interest us as being possibly associated in 
some way with changes in the parathyroid secretion. 
Moreover there yet remains a variety of chronic nu- 
tritional dkturbances, associated with marked dimin- 
ished resistance to bacterial infection, to be carefully 
considered as bound up in some manner with lack 
of parathyroid substance. 

It is to the surgeon, however, that these glands 
have appealed most strongly on account of the ques- 
tion of post-operative tetany in connection with 
thyroid surgery. Such tetany was not unknown to 
the earlier surgeons. Billroth, Reverdin and Miku- 
licz had a high per cent of tetanies following complete 
thyroidectomies in the early eighties and before. 
But based on the knowledge that it was the parathy- 
roid and not the thyroid removal that was responsible 
for this tetany, the technic of modem thyroid opera- 
tions, has practically obviated such untoward results. 

Today perhaps the greatest interest centers around 
the question of parathyroid therapy, i. e., the matter 
of making good a loss of parathyroid tissue or con- 
trolling tetany after parathyroidectomy by the feed- 
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ing of parathyroids or the use of gland extracts, or 
by the transplantation of parathyroid glands, or by 
the use of calcium salts as recommended by Parhon 
and Urechie in 1907, and, independently, by MacCal- 
lum and Voegtlin in 1908. 

In detailing the main facts regarding the parathy- 
roid glands in this brief outline it may be mentioned 
that they have not been brought forward without 
considerable conflicting opinion, both as to the func- 
tion, the importance, and the independence of these 
bodies. 

A critical examination of the literature, however, 
masses the we^ht of evidence not only physiologi- 
cally and experimentally, but anatomically as well, 
in favor of the view that the parathjrroid glandules 
are in no way associated with the thyroid save for 
the relationship of anatomical propinquity and that 
functional relationship (which may in certain in- 
stances be more intimate than we suppose) which 
must exist in normal man and animals between all 
important glands which have to tio witli internal 
secretion. In a careful survey of tlic literature we 
have failed to fmd any convincing proof that the 
parathyroids, either in structure or function, have 
even served vicariously for the thyroid gland or arc 
in any way to be considered rudimentary thyroids. 
They are to be considered independent vital organs, 
as necessary to the existence of an individual as tlie 
liver, the suprarenal glands, or any other organ wh(jsc 
function is indispensable in the maintenance ol 
life. 

As to the part played by the paratliyroids in the 
body, we can only say that their complete removal, 
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as has been practiced so many times in a wide variety 
of animals, leads to death with severe symptoms of 
tetany which is in no way associated with or depend- 
ent on the thyroid gland as was once thought. We 
also know that by their gradual complete destruc- 
tion, severe nutritional distxirbances may be brought 
about ending in death in apathy, with no symptoms 
of tetany. When destruction is nearly, but not quite 
complete, transitory symptoms of tetany may appear 
for a time and then subside ; the theory being that 
some small islet of parathyroid tissue left behind has 
undergone compensating hypertrophy sufficient to 
maintain the life of the animal. Thus it seems that 
we are wonderfully safeguarded by a rich abundance 
of over supply and that even though at a goitre oper- 
ation three of the four glandules were accidentally 
removed there would be no untoward symptoms if 
the remaining glandule was fairly normal. In rab- 
■ bits it is stated that seven -eighths of the parathyroid 
substance must be removed in order to produce the 
characteristic toxemia, and we know that fatal 
tetanic symptoms never develop in dogs that possess 
a single parathyroid gland. 

While the exact mechanism by means of which 
the symptoms of tetany are brought about foUowii^ 
the loss of the parathyroid glands is still open to 
invest^ation, it may be stated that there are two 
main h3rpotheses; first, the idea that a metabolic 
toxin (which under normal conditions is neutralized 
by the parathyroid secretion) gives rise to the symp- 
toms; and second, that the symptoms are due to a 
diminution of calcium in the tissues (which has been 
shown to follow parathyroid removal), the with- 
drawal of which leaves the nerve cells in a state of 
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hyiJcrexcitability which expresses itself in tetany. 
While there is some question as to the fact that such 
a condition as exists in the second hypothesis is 
present following tlie removal of the parathyroid 
glands, nevertheless the administration of a soluble 
calcium salt will promptly check the symptoms oi 
tetany. It is a mooted question at present as to 
whether this calciiom deficiency is alwagra present 
after parathyroidectomy. 

That a poison is circulating in the blood, following 
parathyroid removal, seems to be shown by the fact 
that symptoms may be controlled for a time by 
bleeding and transfusing an animal with nonnal 
blood. Moreover, as Pfeiffer and Mayer have demon- 
strated, wliile the senim of a parathyroidectomized 
animal will not produce symptoms of tetany in 
a normal animal, it does bring on these symptoms 
in an animal that has suffered partial removal of 
the parathyroid glands. 

In concluding this chapter it may be noted that 
there has been more or less lack of unity in the 
nomenclatiu-e of these organs. Sandstroem first 
designated the Vjodies "Glanduke Parathyreoideae," 
Gley used the term "Glandules Thyrnidiennes;" Hof- 
meister, "Nebenschilddruesen;" Zielinska, "Acces- 
sorische Schilddruesen ;" von Jacoby and Blumreich, 
"Nebendniesen;" von Toumeux and Verdun, "Glan- 
dules Thymiques." Kohn originated the term "Epi- 
thelkoerperchen," which is still used more or less 
extensively by Gemaan wTiters, and Verebely ex- 
tends this to "Branchiale Epithelkoerperchen." By 
most writers these oi^ans are today generally des- 
ignated the "Parathyroid Glands," or "Glandules." 
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Normally there are present in man four parathy- 
roid glandules, situated on the posterior surface of 
the lateral lobes of the thyroid, two on either side, 
one above and behind the other, and separated from 
the thyroid by connective tissue. While the position 
of these glandules may vary, the variation is within 
certain definite limits, so that the position is fairly 
constant. The superior (external) glandules are 
more constant in position than the inferior (internal) 
glandules. They (the superior) are usually found, 
one on each side, on the posterior wall of the cesoph- 
agus, at the posterior edge of the lateral thyroid 
lobes, about opposite the cricoid cartil^e midway 
between the upper and lower poles of the thyroid. 
The height may vary, the superior glandules have 
been found as high as the inferior comu of the thy- 
roid cartilage. They are usually wholly outside the 
thyroid, but they may be found within the capsule 
of this organ. The inferior thyroid artery and re- 
current laryngeal pass up in front and internally to 
the glandules, and the superior bodies can usually 
be found at the entrance of the end branches of the 
inferior thyroid artery. 
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The inferior (internal) parathyroids are anterior' 
to the upper bodies, lie always in front of the inferior 
thyroid artery, and are usually about opposite the 
lower pole of the thyroid, though they may be found 
as low as the fourteenth tracheal ring. They may 
be either postero -lateral or antero-lateral to the 
thyroi'l or may be at some distance from the thyroid 
(usually below it) imbedded in fat and areolar tissue. 
The fact that the inferior glandules are found less 
constantly than the superior is due to their incon- 
stant position, and the difficulty in distinguishing 
them from small lymph nodules, pieces of thymus 
tissue, fat, and accessory thyroid nodules that may 
be found in this locality. 

The parathyroids are rarely perfectly symmetrical 
in arrangement. The two on one side may be in 
normal position, while one or both of the glandules on 
the other side may be considerably above or below 
or laterally removed from their normal position. 

When the neck oi^ans are removed as at autopsy 
and observed from the posterior (cesophageal) side, 
the superior parathyroids are seen in the loose fatty 
tissue along the posterior edge of the thyroid lobes. 
By careful dissection the superior parathyroids can 
be exposed lying on the posterior wall of the thyroid 
near the oesophagus at the place where the artery 
divides. The inferior parathyroids lie near the pos- 
terior edge of the thyroid in the loose tissue that fills 
the space below the rounded lower pole of the thy- 
roid, ventral to the inferior thyroid artery and the 
recurrent laryngeal nerve. 

Size. — The average size of the parathyroid glands 
is six to seven millimeters long, by three to four 
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miUimeters wide, by one and a half to five milli- 
meters thick. Their most constant dimension is their 
thickness. Sandstroem found onegland measuring fif- 
teen millimeters in longest diameter. Berkeley gives 
the average measurement as 6x4x2 m. m. MacCal- 
lum's figures are about, the same, six to eight milli- 
meters long by three millimeters wide by one to two 
millimeters thick. Berkeley gives the maximum 
total we^ht of four glands out of 125 autopsies as 
.3763 grams. 

Shape. — ^The parathyroid glandules usually appear 
as somewhat flattened, oval or spherical di^-like 
bodies. They may have a flattened pyriform out- 
line. Sometimes they are bean or kidney shaped, 
resembling a small lymph node, but are usually more 
flattened. At times they may be nearly square or 
rectangular. The bodies have been compared with 
a hemp seed or a grain of maize. 

Color.— In color the parathyroids vary from pale 
grayish white, to dark reddish brown. They prac- 
tically always show a shade of yello\\', due to their 
fat content which is apt to be more pronounced in 
older individuals. Their color is never exactly the 
same as the adjacent thyroid tissue or lymph nodules. 
They are less transparent than the lymph nodes, less 
elastic than thyroid tissue, and not so flabby as small 
fat tabs which may be found in this region. The sur- 
face of the glandules is smooth and shining, and a 
delicate venous tracery is to be seen under their 
capstde. 
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VARIATIONS IN THE NUMBER OF PARATHYROID 
GLANDS IN MAN. 

While there are normally four parathyroid glands 
in man their small size, variation in situation, and 
their similarity to lymph nodules, accessory thy- 
roids and other small bodies occurring in the neck 
region, make their identification difficult, and the 
average number found in any given series of exam- 
inations is less than four to each individual. The 
average number found, however, constantly increases 
with the experience of the searcher, so that while 
there may actually be less than foiu- glands in cer- 
tain cases, the difficulties attendant on their deter- 
mination make the diminution in this number a 
matter of not finding all the glands in many instances 
rather than of the glands not being present. 

Accessory parathyroids may at times be found. 
Erdheim found eight accessory glandules in one case 
and four in another; both were cases of thyroid 
aplasia. Schaper found six parathyroids in one case. 
Zuckerkandl reports a case in which there were 
eight glandules. Getzowa found displaced masses 
of parathyroid cells in seven cases, three of them in 
the thyroid. Thompson and Harris have found five 
glands in several instances; once the extra gland 
was imbedded deeply in the thyroid. Accessory 
parathyroids have been noted imbedded in remnants 
of the thymus, especially in children. Kursteiner 

The ttulbor. in a numbei oF liutances. where the most careful srarch of fresh ma- 
terl»l yielded only three parathyrolda, has found a fourth glandule by putting the 
neck organs In Pick's Eolutlon and subsequently developing the tissue In S0% alco. 
hoi. Often, however, even this method falls to dlBCLoee a missing glandule as a 
gtand Is easily lost In the material dlsseeled away, or the neck or^n.^ are rrmoved 
without taking tissue far enough below the thyroid, so that a glandule well below 
the Ifayiold, which is a not infrequent aitualion. is left behind. Hardening the 

Sstlon of Itie tissue, also aids In finding glandules that might be overlooked in 
ah material 
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calls attention to the frequency with which remnants 
of the thymus are found in the loose tissue below the 
lower pole of the thyroid frequently enclosing a 
parathyroid fr^ment. 

Sandstroem in fifty autopsies found never more 
than two parathyroids on each side; five times he 
was only able to find one on each side and twice he 
found only a single gland on both sides, but he him- 
self says that his search was incomplete. 

Von Verebely in 138 cases found four glandules 
108 times. He states, however, that in the last 100 
of these cases he found four glandules in ninety, which 
is significant of the increased number found with 
increased experience in their search. 

Forsyth, who groups his findings unilaterally, ob- 
served in sixty cases one gland on a side in less than 
half his cases, two on a side in one-fourth, several 
times three, in two instances four and five, and once 
six parathyroids on a single side. 

Welsh, who made a most exhaustive anatomical 
and histological study of these glands, found in nearly 
all cases in man two on a side, and he states that 
when fewer are found, either the glands have es- 
caped observation or else there is a more or less inti- 
mate connection between two of the glands so that 
they appear as one mass. 

Schreiber, in twenty-five cases, found usually two on 
a side, in four cases only one on a side was found, in 
two cases there was one on the right and three on the 
left side. He did not find more than four in any case. 

Benjamins found the internal parathyroids so 
rarely that he questioned if their presence was not 
due to an abnormality of development. 
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Peterson, who studied 100 cases, does not give his 
exact findings, but says that his results confirmed 
the findings of earlier authors. He did not fail to 
find the parathyroids in any case. The external 




glandules he found most constantly present. In 
some cases he found three glandules on one side and 
one on the other. 

MacCallum, in sixty -four cases, found four parathy- 
roids thirty-six times, three ten times, two fifteen 
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times, and three times only one glandule. MacCal- 
lum says: "The number found is directly propor- 
tional to the patience and persistence with which 
they are searched for." He calls attention, more- 
over, to the especial difficulty in recognizing these 
glands in the obese and in atrophic conditions. 

Rogers and Ferguson examined forty-six adults 
and eight infants for parathyroid glandules. In 
twelve cases no parathyroids were found ; in twenty, 
two were found ; in four, three ; in three, there were 
four glandules. The findings in these cases are much 
below the average although the investigation seemed 
to be attended with much care. 

Berkeley tabulates the details of forty autopsies 
in which his average finding was about two and a 
half glands per case. In one instance he found six 
glandules. This author emphasizes the necessity 
of experience in searching for these glands. In his 
first twenty-five autopsies no glands at all could be 
found in about four cases. In his second twenty- 
five he failed only once or twice to find glandules. 
In the last fifty cases he never failed. 

Thompson found four glandules in thirty-three 
out of forty cases. Three of these cases presented 
also accessory glandules (five instead of four in each 
instance.) In four of the forty cases only three 
glandules were found; in one instance one of the 
superior glandules was missing, in the other cases 
it was one of the inferior glandules that was not 
found. In two cases, only the two superior para- 
thyroids were found; the inferior glandules were 
missing. In one case no parathyroids were found. 
In nearly all the cases where the author did not 
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find four parathyroids there was some pathologic 
condition present that made the search difficult. 
Two cases were subsequent to carcinoma operations; 
one showed extensive tuberculous cervical lymph- 
noditis, and in others the neck organs were oedema- 
tous and congested. 

Thompson and Harris found four parath3nroids in 
ninety per cent of all cases, where careful search was 
made for the same. 

THE PARATHYROID GLANDULES IN CHILDREN. 

Thompson has found that the situation, general 
appearance, and microscopic structure of the para- 
thyroid glandules of the infant does not differ essen- 
tially from that of the adult. The glandules are 
much smaller in the infant than in the adult. They 
average about two to five millimeters in diameter 
nonnally in the infant, while in the adult they aver- 
age about eight millimeters in longest diameter. 
They are more difficult to find in the infant than in 
the adult, not only on account of their small size, 
but owing to their resemblance to certain lenticular 
bits of tissue which extend upward aloi^ the pos- 
terior border of the thyroid on both sides of the 
oesophagus. This tissue is continuous with the in- 
terscapular gland of Hatai, and at a later period of 
infant life is not to be distinguished microscopically 
from fat. In marantic infants, in whom there is no 
fat, this tissue persists, and the tiny nodxiles are ex- 
tremely difficult to distinguish in size, color, and sit- 
uation from the parathyroids. By preserving the 
neck oi:;gans entire in Pick's solution the author was 
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able to get a. color differentiation that distinguished 
this tissue from the glandules. Another soiu"ce of 
difficiilty is in distinguishing the parathyroids, es- 
pecially the lower, from remnants of thethymusgland 
which are much more frequently found in the infant 
than in the adult. This in many instances can only 
be done microscopically. Several times Thompson 
found what microscopically appeared to be parathy- 
roids, to be, microscopically, parathjToid incorpor- 
ated in a remnant of thymus. This finding is ex-' 
plained by the close embryological relationship of 
the two structures, and Verebely has noted the same 
thing in the adult. The number of glandules found 
were, owing to these difficulties, less than in the 
adult. In twelve cases of marasmus the author 
found four glandules in six cases; three were found in 
five cases; in one case only two were found. In 
twelve routine cases in infants four glandules were 
found in eight; three were found in one case; two 
were found in two cases, and only one glandule in 
one instance. 

BLOOD SUPPLY. 

The parathjToid glands are supplied by the para- 
thyroid artery which is a branch of the inferior thy- 
roid artery. Vascular connections are also found 
between the capsule of the thyroid and the para- 
thyroid glands. Evans states that complete injec- 
tions have shown only a scant blood supply to the 
capsule, consisting only of a few minute capillaries. 
These capsular vessels have been brought out with 
considerable distinctness by Thompson and Leighton 
after ligation of the parathyroid artery in dogs. 
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While Welsh, Halsted and Evans, Ginsburg, and 
Geis, describe the parath3Toid artery as a branch of 
the inferior thyroid, Pool has described the para- 
thyroid artery as springing from the superior thy- 
roid artery. It is possible that the superior thyroid 
artery may give off a parathyroid branch in the rare 
cases in which the bodies lie above and behind the 
upper pole of the thyroid gland. The parathyroid 
artery, according to Ginsburg, is about a centimeter 
lor^, Evans finds variations in length from four 
or five millimeters to two or three centimeters. 
Evans also describes a prominent anastomosing chan- 
nel between the inferior and superior thyroid vessels 
running along the posterior margin of the lateral 
thyroid lobe in eight out of twenty cases. In these 
the superior parath3Toid artery is a short branch 
from this channel. The parathyroid artery enters 
the gland at the hilum, and gives off branches which 
spread toward the periphery from which numerous 
capillaries arise. 

Ginsburg calls attention to the existence of a sec- 
ondary blood supply to the parathyroid glands by 
anastomotic channels from the opposite side, so that 
even though a ligature be applied to the superior 
and inferior thyroid arteries outside the capsule, the 
parathyroid glands may receive a blood supply from 
the opposite side. 

The veins of the parathyroid glands are derived 
from the inferior thyroid vein either directly or by 
the intermediary of the veins which cover the surface 
of the thyroid glands. 

Halsted has called attention to the dani^er of 
sacrificing the parathyroid glands in the control of 
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haemorrhage during goitre operations. He recom- 
mends therefore that the thyroid vessels be divided 
as far from the gland as possible so as not to cut off 
the blood supply to the parathyroids. This opera- 
tion of "ultra ligation" is done by drawing forward 
the superior pole of the thyroid gland and putting 




Fig. 63. Ligation of the paratliyroid artery in the (lop;, showing 
that no change takes place in the glandule following auch procedure. 
A moderate cxutlatioti of Icucorytes is seen between the ligature and 
the parathyroid. 



. the superior thyroid vessels on the stretch. From 
above downwards and from before backwards the 
vessels are then divided at their point of entrance 
into the gland as far peripherally as possible. 
Thompson, Leighton and Swarts have shown that 
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in the dog the parathyroids possess sufficient collat- 
eral blood supply so that the ligation of their main 
vessel is of no importance. Dogs in which the para- 
thyroid artery to one glandtde was ligated and the other 
three glandules were excised showed no symptoms 
following the operation. If at a second operation, 
however, the ligated glandule was excised the dog 
died in tetany. This showed that the ligated glan- 
dule was functionally sufficient to maintain the life 
of the animal. Microscopic examination of ligated 
glandides at intervals of twenty-four hours to several 
months showed them to be morphologically intact. 

PARATHYROID GLANDULES IN MAMMALS AND 
BIRDS. 

On account of the esperiniental work that has 
been done on the parathyroid glands their anatomy 
has been worked out with much care in a wide va- 
riety of animals. While in general the situation and 
niimber of these glands is the same in animals as 
in man, there are certain variations that may be 
briefly reviewed. 

Cat. — In the cat the thyroid consists of two separ- 
ate lobes not connected by an isthmus. The para- 
thyroids are four in number, two on each side, the 
external usually free but sometimes imbedded in 
the substance of the thyroid lobe near the internal 
surface. The internal gland is smaller than the ex- 
ternal and is imbedded in the thyroid lobe. Kohn^ 
was the first to accurately describe these glandules 
in the cat. According to Harvier and Morel, accessory 
parathyroids are frequently found in the thymus 
of this animal. 
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Dog. — ^The glandules in the dog have a similar 
situation to those described in the cat, but are sub- 
ject to more variation. The external glandule is 
situated superficially near the upper pole of the 
thyroid. It is usually in close connection with the 
capsule of the thyroid. 

The internal parathjToid is ordinarily under the 
capsule of the thjrroid, but superficially situated in 
the upper half of the internal aspect of the thyroid. 
It is identified with more difficulty than the external 
gland owing to its smaller size, greater variation in 
position and deeper situation than the former. 

Gley noted fourteen variations in the situation 
of the glandules in thirty-three dc^s, and Alquier 
found the classic situation of the bodies only nine 
times in fifteen dogs. MacCaUum calls attention to 
the fact that accessory parathyroids may occur 
deeply imbedded in the thyroid. Thompson and 
Leighton noted the frequent appearance of accessory 
parathyroid glandules in this animal; eight glands 
were found in one animal. Moussu speaks of supple- 
mentary parathyroid tissue about the trachea and 
in connection with the branches of the thyroid ar- 
tery. Pianca has noted these aberrant glandules 
in this animal. Alquier has also found accessory 
parathyroids in the dc^, but these always in connec- 
tion with the thyroid gland. 

The size of the parathyroids also varies greatly in 
the dog. They may be so small as to be scarcely 
visible to the naked eye, or they may be found as 
large as five millimeters in diameter. 

The irregularity of the glandules in this animal, 
and the frequent finding of accessory parathyroids 
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should be borne in mind in considering the results 
of experimental work in the dog. 

Monkey.— In the monkey the thyroid lobes may 
or may not be connected by an isthmus. The para- 
thyroids are four in number, two on each side, an 
outer larger, and a smaller inner body. According 
to Vincent and Jolly both glandules are frequently 
imbedded in the substance of the thjToid so that 
simple parathyroidectomy is extremely difficult in 
these animals. 

Guinea Pig. — Comparatively little attention has 
been paid to the parathyroids of the guinea pig. 
Vincent and Jolly state that the number and position 
of these bodies is extremely variable in this animal. 
As a general nde two of the glandules are more or 
less deeply imbedded in the thyroid, while the other 
two are distinct from the thyroid substance and 
separated from it by a variable interval. The alx)ve 
mentioned authors have found as many as six glan- 
dules in one animal. 

Rabbit. — ^The superior parathyroids are imbedded 
in the thyroid lobes. The inferior parathyroids are 
distinct from the thyroid lobes, and sometimes con- 
siderably removed from them. The inferior bodies 
are considerably larger than the superior in this 
animal. 

Rat. — This animal possesses only two parathy- 
roid glands. They are situated within the thyroid 
lobes near the upper pole. 

Horse. — ^Litty found in the horse a parathjnroid 
gland on each side, embedded in the thyroid lobe, 
yellowish red, round or oval, measuring about one 
centimeter in diameter. Estes has described in the 
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horse both an external and an internal parathyroid. 
The former is found easily and is from pea to hazel 
nut size. It has a peculiar lobulated appearance. 
It is most often fotmd near the superior pole of the 
thyroid, usimlly in the peri-thyroid areolar tissue. 
Its position varies with the variations of the thyro- 
laryngeal artery. The mtemal parathyroid was 
found by Estes only by making histolc^ic sections of 
the thyroid gland after hardening the same. Even 
by this method the internal gland was found in only 
about half the cases and its distribution was very 
irregular. It could be easily confused in gross with 
small adenomatous growths, which are not uncom- 
mon in the thyroid of the horse. 

Sheep and Goat. — MacCallum, Thomson and 
Murphy have found a very irregular distribution of 
the parath5rroid tissue in these animals. Four para- 
thyroids were foimd quite regularly in the thymus 
and thyroid but this does not include all the parathy- 
roid tissue in these animals. Two glands are to be 
found imbedded or partly imbedded in the thymus, 
one on each side, at the level of the thyroid cartilage 
and just in front of the carotid artery and vagus 
nerve, and may easUy be distinguished with the 
naked eye. These glands measure from about three 
to five millimeters in diameter. The remaining 
parathyroids are imbedded in the thjToid lobes. 
They cannot be easily seen in the living animal. 
When the thyroid is removed and hardened, however, 
they stand out plainly from the surrounding thjroid 
tissue with which they come into very intimate re- 
lation throi^h lack of capsule. 
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Ox. — In the ox l,he external parathjToids lie. one 
on each side, just under cover of the free dorsal bor- 
ders of the lateral lobes of the thyroi<l opposite about 
the lower level of the isthmus. They occupy the 
stratum of fat which separates the thyroid lobe 
ventrally from the pharynx and cesophagus dorsally. 
They may be blended with islets of thymus tissue. 
The internal parathyroids are incorporated within 
the thyroid gland. 

Forsyth has made a very complete study of the 
parathyroid glands in mammals and birds. He ex- 
amined forty-two species of the former and thirty- 
five of the latter. This detailed search has led the 
author to conclude that the parathyroids \'ary widely 
in number in different species and even in different 
members of the same species. "An instance of this 
is afforded by three specimens of the Green Monkey 
in which the parathyroids numbered one, one, and 
eight respectively. Further, the existence of para- 
thyroid tissue in the thyroid, not isolated by connec- 
tive tissue, has been found to be of much commoner 
occurrence than was supposed. Even in the same 
species the parathyroids were found subject to con- 
siderable variations in number and in position, 
"Further, parathyroid tissue is commonly present 
in the thyroid, and intennediate types are readily 
found both in the thyroid and in accessory glands, 
with the result tliat the identity of some bodies has 
often presented difficulty." 

"Isolated glands possessing a parathyroid structure 
were found in most, but not in all, the members of 
the series. When present their total number was 
two, three, or four; but these numbers were exceeded 
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in certain specimens. A two-spotted paradoxure 

{Naiidinia binotata) and a fossa (Cryptoprocta ferox) 
each had six; a Green Monkey (Cercopilhecus calli- 
trichus) eight, and a collared Fruit Bat (Cynonyc- 
teris CO liar is), ten." 

"The parathyroids can scarcely be said to possess 
any definite anatomical relations in these animals, 
so widely do their positions vary. The commonest 
site of occurrence was on the convex lateral surface of 
the thyroid ; but they were also found on the tracheal 
surface, or sunk in the thyroid either deeply or just 
beneath the capsule or in the immediate neighbor- 
hood of the thyroid, either dorsal anterior, posterior 
or external to it, or some distance remote, either 
isolated or in association with accessory thyroids or 
lymphatic glands. They present no naked-eye fea- 
ture by which their identity can be established ; and 
over and over again in this series they have been 
found unexpectedly on microscopical section. Fre- 
quently glands too small for macroscopic identifica- 
tion have been found attached to the capsule of the 
thyroid." 

Birds. — ^The thyroid and parathyroids of birds, 
as examined by Forsyth, agree generally with those 
. structures in mammals, but they also present certain 
points of contrast." As with mammals, so with 
birds, it has sometimes been difficult to decide 
whether a particular gland was to be regarded as a 
thyroid or parathyroid. Each of these in its typical 
appearance is of course readily identified, but the 
two structures are so often intermixed that it is 
not always easy to settle which name to give to the 
whole. A few examples will illustrate this diffi- 
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culty. The anatomical thyroid of the Califomian 

Quail was found to be wholly parathyroid in naturt. 

In the Bam Owl only the cortex of the thyroid 

possessed thyroidal structure; the deeper parts were 

typically parathyroidal. In the Gray Parrot, the 

Oyster-Catcher, and other birds the anatomical 

, parathyroid was directly continuous with the thy- 

• roid, no connective-tissue septum being interposed 

I so that the whole formed a single gland." 

In the majority of cases the number of parathyroids 

birds was found to be limited to one on each 

lying in contact with the th3Toid at or near the 

sterior pole. "In a few specimens the parathy- 

11 s bilobed, while occasionally two separate para- 

■oids occur. When this last condition holds it 

3quently found that the glands are some little 

tance remote from the thyroid. Most parathy- 

p joids are oval or spherical in shape, and their color 

is white or yellow without any translucency." 

Among the papers that have appeared on the com- 
parative anatomy of the parathyroids may be men- 
tioned that of Pepere, who includes in his very com- 
plete anatomical study of the parathyroid glands, 
a description of these bodies in a number of animals 
as well as a study of variations in man from the foetus 
to old age. 

The nerve supply of the parathyroid glandules 
has been studied by Sacerdoti, who states that they 
are furnished by nerves of the thyroid. According 
to Anderson the nerves terminate within the in- 
terior of the epithelium of the glandule. 
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EMBRYOLOGY AND HISTOLOGY. 



When one studies the development of the para- 
thyroids, and observes their changing relations to 
thyroid and thymus in its course, anomalies in the 
ultimate situation of these bodies are readily ac- 
counted for. 

The thyroid gland arises from a median body at 
the root of the tongue, and two lateral bodies which 
begin as small buds from each side of the posterior 
wall of the fourth branchial cleft. 

The thymus gland arises from two epithelial 
evaginations of the third branchial cleft which grow 
downwar<l and meet to form the two lobes of this 
body. 

The parathyroids arise as two separate pairs; one 
from the fourth branchial cleft, the other from the 
third branchial cleft. The former pair come to lie 
on the dorsal surface of the lateral portion of the 
thyroid and form the superior bodies. The other 
pair pass further backwards and come to rest behind 
the lower border of the thyroid, forming the inferior 
bodies. The name "inner" and "outer" bodies was 
given these glandules by Kohn because of the fact 
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that in certain animals the parathyroids derived 
from the fourth branchial cleft were found within 
the thyroid lobe while those derived from the third 
groove were situated outside the thyroid. 

Steida, as early as 18SI. discovered in a pig em- 
bryo, in addition to the thymus, thyroid, and caro- 
tid gland, four other epithelial anlage, which 
Schreiber later described as the parathyroids. Among; 
other earlier workers oit the embryology of these 
bodies may be mentioned Prenant, who described 
an origin for these oi^ans in the sheep from the 
fourth branchial cleft together with the lateral thy- 
roid botiies. Toumeux and Verdun also described 
the parathyroids as arising from the dorsal part of 
the fourth branchial cleft in human embryos. Simon 
observed the bodies in rabbit embryos, aiid Gros- 
chuff in the mole. Soulie and Verdun differentiated 
in the rabbit the inner parathyroids (arising from 
the fourth branchial cleft) and the outer parathy- 
roids (arising from the third branchial cleft). Ben- 
jamins, wlio included with his own work a discussion 
of previous articles, definitely stated that in man the 
bodies have independent anlage in both the third 
and fourth branchial clefts. 

For a more complete abstract of the origin of 
these bodies in various species we are indebted to 
Maurer, who iirst described the parathyroids in 
amphibians: 

Anura. — In tadpoles the parathyroids arise at 
the time when the outer gills form. They arise as 
compact epithelial buds on the ventral end of the 
third and fourth branchial clefts; the spaces also 
form a similar bud which, according to the observa- 
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tions of Matirer, goes to form the carotid gland. 
The last branchial cleft forms no parathyroid. 

At first these glands are histologically composed 
of epithelial cell masses, which stand in relation with 
the epithelium of the gill cleft by means of an epi- 
thelial pedicle. This pedicle disappears and the 
small structure grows by increase of its cells to form 
an egg-shaped body which may be recc^nized by 
spiral, interwoven cell cords. A lumen is never found 
in these organs. Their construction is peculiar, dif- 
fering from the thymus, the thyroid and the post- 
branchial body. These organs persist throughout 
life and are found even in very old animals, (frogs, 
toads, tree-toads). 

Urodeles. — In triton the parathyroids are formed 
during the metamorphosis stage. They come from 
the epithelium of the closing third and fourth branch- 
ial clefts. At the same time the carotid gland arises 
in the neighborhood of the second cleft. The bodies 
lie here on the lateral convexity of the aortic arches, 
or are between these. Sometimes two such bodies 
are found between the third and fourth arches so 
that three are formed on one side. In other cases 
there is only one such structure on one side, so that 
individual variation is not uncommonly met with. 

ReptUia. — In the lizard the parathyroids also 
arise from the third and fourth clefts. In serpents 
one body has been found in the second cleft. They 
arise at the same time as the thymus, during the 
closure of the branchial clefts. In the lizard the 
bodies arise from the third cleft on the ventral end 
of the thymus and are in connection with this through 
an epithelial cord. The ventral pocket of this cleft 
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gland composed of independent islets of cells separ- 
ated by connective tissue in considerable amount. 
He separates the cells of the parathyroid distinctly 
into two main types. The first t)^ is distinguished 
by its strong affinity for the eosin, and when a con- 
siderable number of these cells are massed together 
the picture is similar to that of the adrenal gland. 
The cells of the second cell type are less characteristic 
than the first. The cell bodies may run into one anoth- 
er without sharp differentiation and are much smaller 
than those of the first type. The cytoplasm may be 
so diminished that one sees only a complex of strongly 
colored nuclei. Between these extreme forms are 
all possible variations. Peterson also notices that 
rarely there may be observed cylindric cells with 
basal nuclei which group themselves in tubular 
gland-like form. The appearance of a third cell 
type, noted by this author (large voluminous cells) 
may represent a degenerative change rather than 
normal histology. 

Peterson's work shows that the parathyroid gland 
is a secreting organ which presents certain {func- 
tioning) cells wliich set free a secretion product, 
TJie paratliyroids possess no duct; the carrying away 
of the sccTCtion is by the blood stream, wil)i wliich 
the cells are directly continuous by means of capil- 
laries as in the adrenal. A proof of the entrance of 
this secretion into the blood is offered by Peterson 
in the regularity with which the red blood cor^ius- 
cles show an increased affinity for eosin (similar to 
the cytoplasm of the functioning cells) in congesied 
organs where secretion is increaseil. 
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At first the parathyroids of the third cleft are in 
direct relationship with the thymus; the two being 
separated from the oesoph^^s at the same time. 
It is only later that the parathyroid of the third 
cleft separates itself from the thymus, and indeed, 
we see that at times a parathyroid becomes imbedded 
in the thymus lobe. 

The relations of the parathyroids of the fourth ■ 
cleft are even more complicated. The primary con- 
nection here is thymus, parathyroid and post-bran- 
chial bodies, and through this latter connection 
the parathyroids acquire a connection with the thy- 
roid lobe. 

HISTOLOGY. 

Kohn was the first to establish the independence 
of the parathyroid glands by his ground breaking 
histologic and genetic study of these organs. He 
clearly made evident the distinct independence of 
paratliyroid from thyroid. Previous authors al- 
though they had carefidly recorded the histologic 
structure of these glands regarded them as embry- 
onic thyroid. 

The histology of the parathyroid glandules has 
been described in detail by various authors, includ- 
ing Sandstroem, Kohn, Welsh, Erdheim, Peterson, 
Verebely and Getzowa, and save for minor differ- 
ences, the descriptions are fairly uniform. All 
authors describe two main types of cells which may 
be grouped as follows: 

Type 1. — Comparatively small cells (somewhat 
lai^er than those of the thyroid) with relatively 
large nuclei which stain deeply. The cell cytoplasm 
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is colored with difficulty, but the cell border is dis- 
tinct. These cells constitute the greater part of 
the gland tissue and are always present in every 
glandule, but may vary in size, shape, and intensity 
of cytoplasmic stain, and in size and shape of the 
nucleus. These cells will be referred to as the "prin- 
cipal" cells. 




Type 2. Cuiii])arativc!y larijc evils wiih small 
deeplv st:unini; nucleu.s and (.-onsideraljli.' deeply 
slaininL,'. cnsinopliilic. granular cyli»plasni. Tlicsc 
cells havi.' a distinct ccU boundary. They arc not 
found in every ■,'laniluk'. thinigh ihcy are present in 
almost all cases, Thev are Ticvcr so miinerons as 
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the "principal" cells. These cells will be referred to 
as the "functional" cells. 

The number and arrangement of these cells is 
subject to wide variation. They may occur in masses 
forming small islets scattered throughout the gland 
tissue, or may occur irregularly scattered among the 
principal cells, either singly or in groups of three 
or four, without any definite arrangement. Some- 
times they form definite acini or occur in continuous 
anastomosing columns. 

The principal cells are also subject to a great va- 
riety of arrangement, giving different pictures in 
different glandules. The cells may form a uniform 
mass continuous in every direction, being broken 
only at infrequent intervals by delicate strands of 
connective tissue carrying small blood vessels. The 
ceUs in this instance appear irregularly polyhedral, 
and the cell walls are everyn-here in direct contact 
with each other. 

The glandules may show connective tissue, with 
blood vessels, between the masses, thus breaking 
them into anastomosing columns, or cell trabecuhe. 
Here the cell cytoplasm stains more deeply and the 
cells are apparently rounder than in the former ar- 
rangement. There may be seen further subdivision 
of the ceU. masses by fibrillar stroma or capillary 
reticulum, or denser fibrous stroma with blood ves- 
sels, so that small islets of epithelial cells appear 
within the stroma somewhat akin to the arrange- 
ment in carcinoma. 

In parts of the glandules the principal cells may 
form definite acini, so that the structure resembles 
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secreting gland, the center of which usually contains 
colloid. 

The glandules present, then, in general, a together- 
hanging cell mass composed for the most part of 
small cells with indistinct cytoplasm and deeply 
staining nucleus, interrupted irregularly by small is- 
lets, or groups of two or three, larger eosinophilic 
cells, which may or may not have a cliaracteristic 
arrangement. These cell masses are divided irr^u- 
larly by blood vessels into lobular or reticular cell 
strings, or may be separated into distinct lobules by 
connective tissue septa. Both the cells and the con- 
nective tissue may contain considerable fat, which 
is believed by most authors to arise in the organ it- 
self without outside influence. 

Sandstroem, who described the glands with con- 
siderable accuracy, grouped them histologically into 
three main t3^es: 1. A continuous mass of epi- 
thelial cells penetrated by a considerable capillary 
network. 2, A continuous cellular reticulum, the 
meshes of which are occupied by blood vessels and 
connective tissue. 3. An arrangement of cells into 
numerous small follicles, in some of which are drops 
of a colloid-like substance. 

Welsh confirmed and added to the work of Sand- 
stroem. He described four types: "1. The cells 
form a uniform mass, their protoplasm taking little 
if any stain, and there being but slight degree of 
vascularity. 2. The cell masses show a tendency 
to break up into anastomosing colunms, between 
which are capillaries borne in a fine connecti\-e tissue 
stroma ; the protoplasm stains somewhat ir.ore deeply 
than before, li. The cells form branching columns 
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between which lies a fine or dense stroma, bearing 
blood vessels. These cells are large and faintly 
staining. 4. The cells are arranged in a single layer 
around a central lumen to form definite acini. These 
cells are large, with cytoplasm staining variously 
and the lumen is usually occupied by a small globidar 
mass of coUoidal substance." Welsh specially notes 
that commonly several "types" coexist in one gland. 

Welsh also added a description of what he terms 
"oxyphile" cells. These he mentions as occurrii^ 
in a very large proportion of cases, though not in 
all, and never attaining the same abundance as the 
above mentioned cells, ("principal" cells). They 
have a relatively large amount of cytoplasm, which 
is usually full of fine oxyphile granules, and he recog- 
nized what he considered differences between the 
nuclei of the two varieties of cells; those of the oxy- 
phile being smaller, more nearly circular, and with 
their chromatin more dense. According to their 
grouping he makes four types of these cells also. 
They occur as: 1. — Uniform masses forming islets 
scattered irregularly through the gland; 2. — ^Ana- 
stomosing columns; 3. — Cells either singly or in 
groups of twos and threes; 4.— Cells forming defi- 
nite acini, the lumina of which are occupied by colloid 
material — a very exceptional type. 

Ebner, Chantemesse and Marie, Benjamins, Kohn 
and Kollman were among the earlier contributors to 
the histology of these glands. Their findii^s in 
general agree with what has been related. 

Peterson, who carefully studied the glands in one 
hundred autopsies, noted that the structure of the 
parathyroids varied from a compact cell mass, to a 
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Koenigstein, who studied in serial section 200 
glands, described a passing over in successive series 
of the different types of parathyroid cells. The 
large, polygonal, eosinophilic, sharply bounded type 
may be transformed into another distinct type, 
smaller, shrunken and having but little affinity for 
the eosin. He considers the difference in picture 
due to different stages in the function of cells of the 
same original type, which after filling with their 
secretion present different forms. 

Von Verebely in reviewing these various cell types 
suggests that it is best to consider that the parathy- 
roid is made up of a single cell type which changes 
its form and appearance under different conditions 
of secretion and rest. This is in line with the views 
previously expressed by Koenigstein and later em- 
phasized by Forsyth and by Thompson. 

Getzowa describes four types of cells which are 
designated: 1. — Wasserhelle ce\ls; 2. — Rosaroie ceUs; 
3. — Oxyphile cells; 4. — Syncytium-like cells. 

Forsyth lays special emphasis on the histologic 
variations of activity and rest. The so-called oxy- 
phile cells are those distended with granular secre- 
tion, and the so-called principal cells represent the 
exhausted stage; intermediate forms are common. 
This author states that the granular secretion of the 
cells is extruded into the surrounding lymphatic spaces. 

So far we have called attention to the parenchyma 
rather than to the framework of the parathyroid, 
although we have spoken of the considerable varia- 
tion in the amount and distribution of the latter. 
A most careful study of the framework of the para- 
thyroid glands by digestion methods has been made 
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by Flint. In the dog and monkey this author states : 
"In thin digested sections the framework appears as 
irregular septa which do not form a continuous net- 
work throughout the organ, but are broken up into 
smaller processes which support the irregular coiled 
columns of cells of wliich the oi^an is composed. 
These septa carry the arteries, capillaries, veins, and 
nerves. They are in some places built up of fasciculi 




of reticulum fibrils, in others, of a thinner, looser 
formation of anastomosing and branching fibrils. 
When thick stained, digested sections from fifty 
microns up are studied, these broken septa are ob- 
viously continuous in the third dimension with other 
processes that turn ofE and occupy various planes 
according to the branching of the anastomosing cell 
columns. In sections stained by the ordinary meth- 
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ods, and thin sections varying from three to six 
microns in thickness, stained by Mallory's connective 
tissue stain, numerous cells with oval nuclei are 
found imbedded in the fibrils. These are the con- 
nective tissue corpuscles, and do not differ in this 
position from those foimd in other parts of the body." 

HISTOLOGY OF THIi INF.WT PAR.\THYROID. 

Microscopically, certain differences between in- 
fant and adult parathyroid may be noted. The 
most noticeable <lifference seems to be that there is 
only a single type of cell in the infant glandule. The 
differentiation into "principal" and "functional" 
cells, as described for adult parathyroids, cannot be 
made. 

In the infant Thompson has found that, micro- 
scopically, the parathyroid glandules present a fairly 
uniforni picture. They consist of closely set cell 
masses arranged in groups or in strands, wliich are 
separated by a rather deticate connective tissue 
strom£L bearing blood vessels. The relation between 
parenchyma and stroma is more uniform, and there 
is less tendency to form varying types of arrange- 
ment than in the adult. The cell masses consist 
of cells a little larger than those of the thyroid, 
which vary in size and shape and intensity of nuclear 
and cytophismic staining, but which conform to a 
single type, the so-called principal cells of the adult 
glandule. The cytoplasm of these cells may be in- 
distinct or lacking, but the cell membrane is usually 
distinct. Along the capsule and septa these cells 
frequently assume a radial arrangement, the so- 
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cstiUu] "j»ali«a'le" formation. As previously noted, 
l}us funiAifjnul cells of the adult do not appear in the 
infant {(land. 

lifdheim notes that the structure of the parathy- 
r(ti'h in infants is more solid than in adtilts, but after 
the twentieth year the parenchyma undergoes a 
trt'cflkin^ up by the penetration of connective tissue 
traf^ciila;. He finds the functional cells first at 
the tcntli yc.'ir of life. After the fifth year fat cells 
a|;jxi(ir in llie connective tissue of the gland. This 
fat increases with a^e till it includes quite generally 
the wlmle gliunl. 

KrirHyth sjiys thnt during the first few months of 
life the parat hyroid glands show no activity, and that 
this inactivity may persist for some years, although 
in iMio cast! colloid secretion was found as early as 
tho third month. 



Ill h;.-ii.-i-.i1 llir liislulo.Ljy ui llie ])iiralliyroul i:lanas 
in .mini, lis hrais a rlnso roseinblaiice Xo the picture 
sfi-ii 111 111. Ill l'ors\ili, to whose extensive work we 
lia\f aliiM'lv ri'iene.l. liiuls iliat tliese i^landiiles are 
Msiuilh iii.ule u]> ni soIiJ masses of ]iolv>:on;i1 cells 
wlios,- ,-\ioplasni in.iy be pale aii>l elear or nlled 
Willi owi'liile i^raiuiles. or iiUenr-e-iiaie be;woo:; 
lIu-M- exliwiies OlU'!-. ti;e eells ir.i\- aiT.ir.^e \\\e-v.- 
^;el\es avo:;;;.i .; Uiriuv; \\l::eh ;s iUUv: ui:!: ;■ ,:rop o: 

jH's>ess.>,i .; s^■■-;.iv s;n:el"re, u:::; less .i::e:"v- .■.■ 
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has been described in mammalian parathyroids. 
On the whole, the parathyroids in birds are more 
often inactive than those in mammals. 

Alquier has carefully described the structure of 
these glands in the dog, and divides them into three 
types. The first type (Type ordinaire) : the cells 
are large and possess a clear finely granular pro- 
toplasm with a large nucleus. These cells are ar- 
ranged in anastamosing cords within a mesh-like 
network in varying dimensions. The second type 
(Type compact) : consists of polyhedral cells disposed 
without order. The cells are voluminous and clear. 
The third tjrpe {Type reticule ) : the cells are smaller 
and the intercellular spaces are not clearly defined. 

In the sheep and goat the parathyroids are practi- 
cally not to be distinguished from one another his- 
tologically, according to MacCallum. The glands 
are very compact and very vascular. The cells are 
apparently all of one type and are closely arranged 
in anastomosing strands and cords so that the in- 
tervening capillaries come into direct contact with 
all the cells. The cell nuclei are large and round 
and the cytoplasm very abundant with a somewhat 
granular structure. The perfectly clear cells and 
the eosinophile cells seen in the human parathyroid _ 
are not to be found here. 

SECRETION OF THE P.\R.\THYROID GLAND. 

Various substances have been noted in the para- 
thyroid gland appearing either as degeneration prod- 
ucts or as gland secretion. Among these may be 
mentioned colloid, fat droplets and granules, gly- 
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cogen. hyaline, luid pigment. These substances will 
be specifically dealt with in the chapter on patho- 
lOKic histology. 

It was stated by Glcy that the parathyroids (of I 
the dog and rabbitl eontaineti considerably inote I 
iodirc than did the thyroid. Chenu and Morel.'m the 
contrary, found only a very small amount of iodine 
in these glandules. 'Hie work of these latter authors 
is sustained by Estes and Cecil who state tb.at if 
iwline is present at all in the parathwiid it is in 
such imnute f]uantities as to be of no functicxnal 
significance. Nmjel a:id Ross found th.at ablation 
of a parathyn)id ditl not nuKlify the iwline content 
of the remaining glandules. 

Fiori. who has removed portions of the parathy- 
roid glands in animals, found that no regeneration 
of parathyroid tissue whatever took place following 
injMry. Tlie removed epithelial tissue was replaced 
by connective tissue and a cicatrix resulted as is 
the case with all hi<zh]y specialized tissues. 
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CHAPTER XV. 



THE PATHOLOGIC HISTOLOGY OF THE 
PARATHYROID GLAXDS. 



While the greater part of tlie work on the para- 
thyroids lias lieen along experinieiital lines, never- 
theless niorjjholo^^ncal observations relatin;; to alter- 
ations from the described normal histoloi^y have been 
made by a number of investi^trutors. althougli per- 
haps it mi.yht be truthfully stated that tlie necjative 
observations on these bodies liave been of more 
value in clearin,<r our mind in regard to certain dis- 
eases than any described pathological alteration. 

Sandstroem mentioned that cystic degeneration, 
and aniyIoi<l infiltration of tlie vessel walls and cap- 
sule occurs in certain cases. Muller called especial 
attention to fatty change. Konigstein studied es- 
pecially the secretion of the glandules from a histo- 
logical standpoint, but stated he coultl not bring 
anatomical changes into correlation with clinical 
conditions. Harnett, in a series of routine autopsies, 
fouitd no changes in the parathyroid glands that 
could be differentiated from normal glands at the 
corresponding period of life. Verebely in one hun- 
dred and thirty-eight cases described various lesions 
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of the glandules, including two instances of tuber- 
culosis, three cases of cyst, three of hemorrhage, and 
one tumor. Getzowa called especial attention to 
the colloid content, which was found present in 
nearly all cases over ten years of ^e. Pepere noted 
u niunber of prc^ressive and retrogressive changes, 
including suppuration. Guizzetti described dense 
mononuclear cell infiltration of the parathyroid in 
two cases of tetanus. Yanase found hemorrh^e 
thirly-thrce times in eighty-nine children showing 
tetanoid conditions. Kohn described hemorrhagic 
cysts. Peterson, who examined one hundred cases, 
notetl the frequency with which d^enerative changes 
an? found in the glantlules from cases over twenty 
years old. Among these changes he found atrophy 
of tlxe pjiTenchymatous cells brought about by fatty 
chai\jies. cloudy swelling, and cystic degeneration 
ven- frequently. In twenty-five of his cases he 
:\ni:u; i-Un:vi\- suvl!::;^ : it; I'if^i-o:'. .-olio:.;; ::^ ^ix. 
1,-vs; :or:':^i:HT; ■:; ;\ve:-:iy-o!:e, :.i::y ::::;hr.i::on. 
riv.s .•,■.:;:■.>>;■ w.is ■.■.:-..:Mo to L'oiTol.r.e c!;;iv,L:e5 :r- the 
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quency of cysts. He found hemorrhage in eight 
cases. 

Thompson has called attention to the condensa- 
tion of the cytoplasm at the edge of the cell in these 
glands, due to various degeneration products such 
as fat, glycogen, and colloid. This produces the 
.optical appearance of an intercellular framework 
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which characterizes many of these glands. In a 
later paper by the same author, degenerative and 
especially progressive changes were described in 
these glandules in cases of primary infantile atrophy. 
Forsyth, who regards the cells of the parathyroids 
as all of a single type representing different st^es 
of activity and rest, has described excess of colloid, 
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connective tissue proliferation, both general and 
perivascular, and also speaks of instances (in ani- 
mals) where there is a similarity between tliyroid 
and parathyroid structures. This author also notes 
that the cortex of the gland stains more deeply than 
the medullary tissue, and that drops of colloid and 
regular vesicles are met with more frec]uently n.ear 
the surface than elsewhere. The nearer the sur- 
face, the more abundant the secretion. 

MacCallum, who has worked extensively on tliesc 
glandules, found in certain of the glandules examined 
following thyroid removal for exophthahnic goitre. 
some increase in fibrous stroma and moderate atrophy 
of the cells. In general, however, the paratliyroid 
tissue was abundant and normal in these cases. A 
tumor of a parathyroid, and hyperplasia of the glan- 
dules in gastric tetany has also been noted by this 
author. 
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reveal constant morphological change when symp- 
toms were such as to suggest severe or complete loss 
of their functioning power. 

Tlie various tetanies for which a parathyroid 
etiology seems most probable will l>e discussed in 
a later chapter. At present we will only concern 
ourselves tt'itli such morpliologic work as concerns 
these conditions, as well as the results of a study of 
these bodies in those diseases in which a parathyroid 
etiology has been suggested tiut found lacking. 

Exophthalmic Goitre. — 'Die suggestion t!iat ex- 
ophthahnic goitre might be due to lesions of the para- 
thyroid glands suggested itself very soon after tetanic 
symptoms were noted follo^^'ing the removal of tliese 
bodies. Moussu was probably the first to formulate 
this theory. At about the siinie time papers ap- 
peared by Gley and by Edmunds, the forn:er sug- 
gesting alterations in the tliyroid apparatus involv- 
ing in the tirst place the parathjToids, and tlie latter 
partial aparath^Toidia as an explanation of this 
disease. 

Ednmnds has also stated that when the parathy- 
roids are removed in the dog the thyroid gland un- 
dergoes compensating hypertrophy with changes sim- 
ilar to those found in exophthalmic goitre, namely 
"enlaiTjement of the vesicles with alteration in shape 
from round to oblong or branclied; intracelhilar 
growtlt takes place, the secretory cells become col- 
luinnar instead of cuboidal and the colloid contents 
of the vesicle tend to disappear." 

Humphry, on the basis of this assertion, describes 
two cases of exophthalmic goitre in which the [)ara- 
thyroids (only two of which were found in each case) 
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exhibited extensive infiltration of fat. In another 
case there was some fat, and in a foiirth case (age, 
twenty-two years), there was no fatty infiltration. 
For comparison the author examined microscopically 
the parathyroids in eighteen cases, not goitre, and 
came to the conclusion that it would be premature 
to consider this fatty change as a pathological fea- 
ture of Graves' disease without further observation. 

Haskovec, on the ground of his experimental in- 
vestigation of exophthalmic goitre, concludes that, 
while this disease has its origin in the thyroid gland, 
the parathyroids should be considered as participat- 
ing in the condition. 

In general it may be stated that no characteristic 
histological changes are found in the parathyroid 
glands in connection with this disease. Erdheim 
examined a case, in which exophthalmic goitre and 
epilepsy were combined, and found no changes save 
for the usually fatty infiltration that nii}Tht be ex- 
pected in a !ifly-tliree-year old man. Benjamins 
also failed to find chanj^es in the parathjToid j:;lands 
in lliis condition. Tliis author examined the para- 
thyroids from twenty cases of jjoitrc of various kinds 
including three cases of exophtliabnic j.;oitTe. 

MacCalluni, who has examined the parathyroids 
from a number of cases of exophthalmic .tjoilre, states 
that there are no constant lesions in tliese orp;ans in 
this disease. 

On the negative histological findings, then, as 
well as on the fact that the sym])toms in parathy- 
roidectomized animals are very different from those 
of exophthahnic goitre, and considering that para- 
thyroid tlierapy is of no benefit in the disease, we 
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can conclude that the parathyroids have little or 
nothing to do with this condition. 

Myzoedema. — It is to be questioned if the para- 
thyroid glands play any role whatever in the causa- 
tion of myxcedema, which is definitely known to be 
due to loss of the thyroid gland. Occasionally, 
however, certain disturbances in the muscles have 
been observed in the course of this disease, as re- 
ported by Lundboig, Schlesinger, Rosenberg, and 
others, which might st^gest that the parathjToids 
were also involved. 

Maresch and Peucker found the parathyroids pres- 
ent in cases of congenital absence of the thyroid. 
Erdheim found in several cases where there was 
absolute aplasia of the thyroid, not only the four 
normal parathyroids but a number of accessory 
glandules, none of which presented any pathological 
alteration. 

Forsyth has reported a case of myxcedema of 
four years standing in a woman aged fifty-eight, 
which showed in addition to the typical sclerotic 
changes in the thyroid, certain departures from the 
normal structures of the parathyroid glands. The 
bodies showed a marked tendency to form vesicles 
lined by a cubical epithelium, with a profuse secre- 
tion of colloid which filled the follicles and lay among 
the masses of cells and distended the lymphatic 
channels. There was also observed an abnormal in- 
crease in the connective tissue and a thickening of 
the arterial walls of these glandules. Such a change 
as this is too commonly observed, however, in para- 
thyroid glands from ordinary cases of people of this 
age to make Forsjrth's observation of any impor- 
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tance. Both fibrosisand colloid are frequently found 
in the parathyroids. 

Brissaud considers the parathyroids to be involved 
in myxcedematous idiots, and not involved in 
myxa'denia frustes. 

Epilepsy. ^Owinj^ to certain of tlie symptoms 
that have been obser\'ed in animals foUowinjj in- 
complete operation on the parathvroids it was early 
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suggested (Jeandelize, Vassrde. MacCalluin), that 
epilepsy might in certain in.stances have a relation- 
ship to changes in the parathyroid gland. En.!- 
heim, indeed foimd considerable increase of connec- 
tive tissue of all four parathyroids in a case of epi- 
lepsy in a twenty-three-year old male, but in another 
case he found the glands perfectly rormal. Schniorl 
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found hemorrhage in the parathyroids in two cases 
of epilepsy. 

Claude and Schmiergeld examined the parathy- 
roids, as well as the thyroid glands, in seventeen 
cases of epilepsy, and found no chanj^es in the former 
that they were alile to construe as pathologic for 
this condition. 

Paralysis Agitans.^As early as lSK,j, Horsley 
from observations on thyroidectomized apes, de- 
scribed certain muscular tremors and stated that 
the causation of the constant tremor such as that 
in parfilysis agitans might find an explanation in the 
loss of the thyroid apparatus. He did not consider 
the parathyroids at that time, as up to then little 
or no attention had lieen paid to these organs, but 
of course, a consideratile amoimt of ]>arathyroid 
tissue had been removed in his animals. Despite 
Horsley 's observation no attention was paid to these 
organs as far as paralysis agitans was concerned 
until 1004. when Lundborg's well known paper on 
the relation of the parathyroids to paralysis agitans 
appeare;]. The same hj^xjthesis was advanced by 
Berkeley independently although his pjipCr did not 
appear until later. 

Both these pai)ers were wholly hypothetical, 
Lundborg having no autopsy material on which he 
could prove his assumptions, and Berkeley being 
able to secure but one autopsy in this condition. 
in this case he found two parathyroid glands, which 
are descriLied as less than average size, and as pre- 
senting sclerosis and thickening of the blood vessels 
in part, with other parts of the gland appearing 
normal. 
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The hypothetical part of both these articles is not 
without interest. Lundborg cited Liizzato, Dana, 
Mobius, Frenlcel, Burzio, Casteloi and Schieffer- 
decker, all as expressing the idea that the disease 
is an endogenous toxemia. He emphasized the 
tetanic symptoms that arise in animals after para- 
thyroidectomy; and after a considerable discussion 
which it is impossible to abstract completely, gives a 
diagram wherein the system of thyroid and para- 
thyroid h5T)o and hyper function is delineated in 
terms of mjotoedema, morbus Basedowii, paralysis 
agitans, and paralysis myasthenia respectively. Lund- 
borg's paper must be read in its entirety to appre- 
ciate the fuU force of his argument. He concludes 
with the statement, however, "das es aber nock fur 
ausserst hypotetisch gehalten werden muss, ob die 
glandulae parathyroidae eine bestimmte Rolle in deren 
Patkologenese spieUn." 

Berkeley cites in support of his theory: tetanic 
syniiitonis observed in slowly dyint^f ])aralliyroi(l- 
ectomized rabbits; llie endogenous toxemia concept 
of the disease, which seems to l)c borne out in ;t 
iiieiLsure W the fact that the author considered that 
the administration of paralliyroid ^huid extract was 
of therapeutic value in a majority of liis ca-scs; 
and the possibility that, in cases of concun"enl inyxo;- 
denia and paralysis aj;itans the parathyroids may 
have been diseased or atrophied throui,'h conti^'uity 
with the diseased thyroid. 

Alquier in a jjeneral review of this subject adils the 
weight of his opinion to this hypothesis on lhc,L:ronnd. 
especially, that it seems more probable tlian any of 
the previously ad\-ancetl tlieorics. 
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Thompson, however, failed to find any constant 
changes in the parathyroid glands of nine cases dy- 
ing of this disease, which were controlled by the 
examination of the glandules from forty autopsies 
not paralysis agitans. In summing up these nine 
cases of paralysis agitans it was found that the para- 
thyroid glandules, in individuals dying with this 
disease, presented no changes either in number, 
size, position, or histologic structure that would 
serve to distinguish them from the parathyroid 
glandules in individuals dying from other diseases. 

In two of the nine cases, only three glandules were 
found (in one other case where only three glandules 
were found the technic was faulty). Many writers 
find three glandxiles more often than they find four, 
in routine examination. In three cases five glan- 
dules were foimd. The finding of the minute ac- 
cessory parathjrroids in these cases more frequently 
than in the routine cases was undoubtedly due to 
the extra care that was used in searching for them in 
the paralysis agitans material. 

The average size of the glandules was a little 
smaller in the cases of paralysis agitans than the 
general average of the routine cases. This could be 
accoimted for by the fact that all the paralysis 
agitans cases were over seventy years of age. Rou- 
tine cases over seventy years of age show in general 
smaller glandules than young individuals. 

There was nothing to be found microscopically in 
the parathyroids in the paralysis agitans cases that 
could differentiate them from other parathyroids. 
Five of the cases can be passed over without remark; 
they were in every way identical with the type pic- 
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lure presented by tlie majority of the glandules in 
routine j>anith3Toid examination. Two of the cases 
presented ;i moderate increase of connective tissue 
stroma. The percentage of glandules showing .a 
consideral)Ie connective tissue stroma was higher in 
the routine cases than in paralysis agitans. Eight 
of the routine cases were of this type. One of the 
paralysis agitans cases showed a great amount of 
interlobular fatty connective tissue, so that only 
small islets of glandular tissue were seen. Tliree 
of the routine case.s. however, gave even greater con- 
nective tissue stroma, with corresponding atrophy 
of the parenchyma. Fat was found in every glan- 
<lule examined, IkHIi in the paralysis agitans and the 
routine cases. Some of the paralysis agitans cases 
showed a great amount of fat. Many of the routine 
cavses showed an equal amount, and some even more. 
The glandule that showed the most fat was from a 
case of (Halieles. 

All the cases of paralysis agitans showed both 
types of cells (principal and functional), although 
the ratio between the two varied greatly in different 
cases and in different glandules from the .same ca.se, 
as they did also in the routine cases. In one case, 
one of the inferior glandules exhibited apparent in- 
creased activity of the functional cells. No mitotic 
figures were seen in the principal cells, in eitlier the 
paralysis agitans or the routine cases. 

Erdheim also examined the parathyroids in three 
cases of paralysis agitans and found no eviflence of 
hypoplasia. In two of the cases the glandules were 
perfectly normal. In the third case one glandule 
was greatly enlarged and showed marked increase 
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in the functional cells while the other three glan- 
dules were normal. 

In conclusion, then, it must be stated that there 
is no morphologic ground for the assumption that 
the parathyroid glandules are insufficient in paral- 
ysis agitans. Whether or not there is faulty secre- 
tion of these organs; whether they are unable to 
cope with a poison circulating in the blood that their 
cells or their secretion is not able to neutralize; or 
whether the specific relation between these glan- 
dules and some other organ is upset, must be deter- 
mined by experimentation other than morpholc^ic, 
and offers a promising field for investigation. On 
morphologic grounds there is every reason to oppose 
the hypothesis that paralysis agitans is a chronic, 
progressive hypoparathyroidismus. 

Tetany. — Microscopic lesions have been described 
in the parathyroids in various forms of tetany, 
which will be, dealt with in more detail in a later 
chapter. MacCallum fotmd hyperfunction of the 
glandules in gastric tetany, and Konigstein also re- 
ported a case in which similar changes*were found. 

Tetanus. — In tetanus Guizzetti found infiltration 
of mononuclear cells in two cases in which the «iis- 
ease had lasted for four and seven days, respectively. 
Two other cases were negative. Babonneix and 
Harvier have described changes in the parathyroids 
in three cases of tetanus, consisting especially in 
hypersecretion of colloid. Thompson found no 
changes in the parathyroids in five cases dying from 
tetanus infection that could be considered specific. 
Erdheim found the glandules normal in one case. 
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In a case of experimental tetanus the jjlandules 
were found nonnal by Gamier. 

Tetany of Children. — Erdheini (three cases) and 
Kbnigstein have found hemorrhage in the para- 
thyroids in children exhibiting tetanic symptoms. 
Verebely, and also ThJemich, have found hemor- 
rhages in cases where there was no tetany. The most 
convincing work in this line has perhaps been done 
by Yanasse who examined the parathyroids in eighty- 
nine children showing tetanoid conditions and found 
hemorrhage in thirty-five cases. Degeneration of 
the parathyroids in a case of tetany in course of a 
case of tuberculous meningitis has been described 
by Escherich, 

Eclampsia. — The greater amount of work on this 
condition has been experimental and is given in more 
detail in a later chapter, but several authors have 
examined the parathyroids histologically in this 
condition. Pepere foiind changes in the glandules in 
rfour cases. Zanfrognini found only two glandules 
in a case, but these were both normal, Erdheini 
in four caseS found h3^eremia, circumscribed injury 
once, hemorrhage once, Schniorl in five cases of 
eclampsia found hemorrhage four times. He con- 
siders that the hemorrhage was the result of the 
convulsions. 

Rachitis. — Escherich, imder whom the ^\■ork of 
Yanasse previously cited was done, has suggested 
congenital parathyroid hypoplasia as the etiological 
factor in rachitis. This assumption is based on the 
frequent coincidence of tetany and beginning rachitis 
as well as on Erdheim's findings in the teeth of para- 
thyroidectomized rats. At present this hypothesis 
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lacks morphological confirmation. Schmorl found no 
changes in the parathyroids in four cases of rachitis. 

Osteomalacia.— In two autopsies in this disease 
Erdheim found hyperplasia of the parathyroids in 
one case and normal glandules in the other case. 
Schmorl in four cases found the glandules normal 
three times and hyperplasia in one case of one of the 
upper glandules. 

Primary Infantile Atrophy. — In this disease Thomp- 
son found constant changes in the parathjrroids, 
practically all of a progressive nature, which the 
author considered the result of this condition rather 
than an etiological factor in the same. 

In the cases of infantile atrophy the changes that 
are foimd in the parathyroids can be quite sharply 
differentiated into two types, which may be desig- 
nated as (a) degenerative, and (b) sclerotic. In the 
first type the glandules may be diminished in size 
or may be of normal size, and are pale in color, or, 
as in one case that showed intense congestion, the 
glandLiles were cherry red. Microscopically, no in- 
crease of connective tissue is found, but the epithelial 
cells show everywhere a marked degeneration. They 
are larger and more irregular than normal, the nuclei 
are swollen and the cell boundaries are usually 
thickened, appearing as though the protoplasm had , 
condensed in part at the cell periphery, as happens 
in certain forms of reticular degeneration. In places 
there was complete loss of cell structure with crowd- 
ing together of the cytoplasm into a fused mass, in 
which the nuclei were irregularly arranged. The 
blood vessels may be greatly distended, but are 
usually moderately injected. 
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rig, 'IS. A aiiil B. Sketch of the neck orgaoa (rom cases of primary 
inf autile alriipiiy, sliuwiiig the small eise of the parathyroid glandules; 
compare with C and D, which are control CHsea of infante of the same 
age. (pi) parathyroids, (th) remnants of thymus glaiid (m B replacing 
the two lower parathyroids and surroundiaf the lefl uiiptrl; (gl) 
represents tJEsue continuous with tiio iiitersvupiUar giand. (In) 
lymph node. 
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The most common finding, however, in these cases 
of marasmus is a marked increase in the connective 
tissue stroma of the glandules, which corresponds 
closely to the sclerosis (chronic fibrous parathyroid- 
itis), described in the adult. These cases are called, 
therefore, the sclerotic type. In these cases the 
glandules are smaller than normal, dark brownish- 
red in color, and firm. Microscopically the connec- 
tive tissue stroma separating the cell masses is found 
increased in amoimt in varying degree. The epith- 
elial cells appear as irregular strands between .the 
thickened bands of connective tissue. This connec- 
tive tissue increase is frequently noted about the 
blood vessels. The connective tissue is loose, vas- 
cxilar, and rich in nuclei, which have a spindle shape. 
Mast cells are frequently seen in the connective tis- 
sue. In the epithelial islets between the connective 
tissue strands the principal cells are crowded to- 
gether so that the typical sharp-lined epithelial 
structure is lost. The cell membrane is usually not 
seen, but masses consisting of closely set, irregularly 
arranged nuclei, without definite cell boundaries, 
are apparent. Groups of five or six cells occasion- 
ally in the centres of these islets preserve their 
original structure. As tetany was never observed 
in these cases the findings are interesting as tending 
to show that extensive changes may take place 
in the parathyroids without exhibition of any 
tetanic symptoms, a finding that might serve as 
a check, perhaps, upon a too liberal interpreta- 
tion of morphologicd change in cases that do 
exhibit tetany. 



yGoot^le 



260 



PARATHYROID GLANDS 



Pellagra. — -Marinesco hits recently described atro- 
phy and marked fatty change in the external para- 
thyroids in two cases of this disease. 

General Pathology.— Thompson and Harris, in 
a study of these glandules from a morpholc^ic stand- 
point in two hundred and fifty routine autopsies, 
slate that they have been unable to correlate to any 
extent clinical symptoms and morpholc^ical para- 
thyroid alteration. They nevertheless add the fol- 
lowing' report of certain histological fmdino;s in these 
glandules that are of interest : 

Pat— The fat content of these glandules is so 
constant in the adult that it gives a distinct yellow 
color to the gland and serves as a macroscopic aid 
in differentinting parathyroids from lymph nodes, 
accessory thyroids, or thjTnus, s>nnpathetic nerve 
ganglia, or other bits of tissue which make the 
search for these organs more or less difficult, espe- 
cially to one who has not had considerable experience 
in their isolation. Microscopically one should differ- 
entiate perhaps between the fatty content of the 
connective tissue of the gland and the fatty content 
of the cells of the parenchyma, although as a matter 
of fact it is doubtful" if one occurs to any marked 
extent without the other being present. In a great 
number of the glandules there was a replacement 
of considerably more than half the parathyroids 
with fatty tissue and in addition, the principal cells 
of the gland contained fat; but such cases showed 
nothmg clinically that would serve to call attention 
to a lack of parathyroid function. 

While it may be stated that in general more fat 
is to be found in elderly individuals than in those of 
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middle age, still one woiild hesitate to accept the 
view that a regular and constant increase of fat is 
an accompaniment of increasing age. A number 
of glandules in individuals over sixty years of age 
were found that were only moderately fatty, and 
on the other hand, there were found glandides in 
patients from twenty to thirty years of age in which 
there was marked fatty change both in parenchyma 
and stroma. One would not, therefore, limit the 
diagnosis of fatty degeneration to the earlier years 
of life, although admitting the increased difficulty 
of making such a diagnosis in the later years. 

The fat content is, as previously stated, so physio- 
Ic^ically variable that one hesitates to attempt any 
classification for fatty degeneration of the glandules. 
The most marked changes in these cases, the factor 
of age being kept in mind, have been found in the 
following conditions: cirrhosis of the liver; chronic 
nephritis, especially chronic parenchymatous neph- 
ritis; chronic heart affections with the usual asso- 
ciated lesions; chronic tuberculosis; diabetes. Espe- 
cially are the glandules apt to be fatty when an acute 
infection is superimposed on a chronic condition. 
The most constant and marked fatty change in any 
one series of cases was in five instances of ascending 
infection of the genito-urinary tract with pyelo- 
nephrosis. In all these cases, which were of various 
ages, marked fatty change in the parathjToids was 
found. These cases are representative only of a 
type of rather long continued acute infection where 
considerable chronic disease of the lungs, heart, and 
liver was present. 
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The association of marked fatty change in the para- 
thyroids with cases of infection of the gall-bladder 
and ducts, with extreme jatmdice in four cases of 
this condition, might be noted in passing. In ma- 
lignant diseases, carcinoma especially, of either 
comparatively long or comparatively short duration, 
there was no fixed condition of fatty content in the 
parathyroids. At times these organs showed marked 
fatty change ; at times there was no apparent increase 
of fat. The same was true in regard to the para- 
thyroids in cases dying from uncomplicated acute in- 
fectious diseases of shortdurationsuchaslobarpneu- 
monia. A case of tertiary syphilis (the only one in 
this series), showed marked fatty degeneration of 
the glandules. 

Colloid. — It would be unfair to exclude the pres- 
ence of colloid imless serial sections are made of all 
glandules, although if colloid is present at all it is 
usually more or less widely distributed in a given 
glandule. CoUoid was foimd in about fourteen per 
cent of all cases. This agrees with the statement that 
the presence of a certain amount of colloid in indi- 
viduals over twenty years of age is not to be consid- 
ered abnormal. The interesting point in regard to 
colloid is the fact that its secretion not infrequently 
leads to appearances in the parathyroid that makes 
circumscribed areas within them exceedingly sug- 
gestive of thyroid structure. These areas begin by 
a dozen cells, more or less, assuming an alveolar ar- 
rangement. In the center so formed a droplet of 
colloid appears. Continued secretion of colloid pushes 
back and flattens the cells so that finally a follicle, 
similar to those seen in the thyroid gland, appears. 
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If enough of these are formed in jiaxtaposition, thy- 
roid-like structure results. Usually, however, these 
colloid follicles are discrete, or the amoxmt of colloid 
is not sufficient to alter the general topography of 
the glandule. 

Even though a picture somewhat like thyroid 
structure may be produced, one should remember 
that on embryological, anatomical, and physiological 
grounds there is no relationship between human 
thyroid and parathyroid, save that of propinquity. 
They are independent of each other, and there is 
no reason for assuming that one acts for the other, 
although it is probable that there is some inter- 
action between the two. There is no reason to be- 
lieve, as stated by Forsyth, that histologically in- 
termediate stages between thyroid and parathyroid 
are common, in the human being at least, or that 
the difference in the glands is merely a difference in 
the amount of secretion; neither have we reason to 
suppose that the parathyroids exhibit a partial 
change to thyroid structure with advancing age as 
claimed by Rogowitz. 

Vincent and Jolly find that parathyroid tissue left 
behind after thyroid extirpation "approximates in 
appearance to ordinary thyroid tissue," and believe 
that the parathyroid functionally replaces th3rroid. 
Their view is directly opposed by Hagenbach, how- 
ever, who obtained a typical cachexia thyropriva 
when two parathyroids were left behind. 

Thompson and Harris did, however, find in this 
region appearances which they chose to consider 
accidents of propinquity and in which there was an 
apparent transformation of one organ into the other. 
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but which they considered should be interpreted on 
more rational grounds than transformation of para- 
thjToid into thyroid. 

In this case (which showed at autopsy caseous 
tuberculous pneumonia, chronic pleuritis, localized 
peritonitis, and peri-hepatitis) there were fairly firm 
adhesions in places between the capsule of the thy- 
roid and surrounding tissue. The upper parathy- 
roids were normal; left lower not foimd; left right 
lower pole sliowed a circumscribed thickening of 
the surrounding structures and was excised. Micro- 
scopically, section of this showed, on the outer edge, 
fairly typical parathyroid structure penetrated by a 
dense connective tissue stroma. The inner part of 
the section showed typical thyroid structure with a 
similar increase of stroma. There was no line of 
demarcation between the two, but one seemed to 
run into the otiier so as to suggest the transfonnation 
of parat!i\Tr")id inlo thyroid (issue. It seems more 
rational to assume, however, that a perithyroiditis 
leading to proliferative changes in both glands joined 
the two organs together in this peculiar manner, the 
connective tissue ingrowth being so distributed that 
both appear to be one and the same organ. 

Degenerations.— Acute degenerative changes oc- 
cur in the parenchymatous cells of the parath3Toid 
glandules, but a diagnosis of "cloudy swelling" or 
"acute degeneration" is to be made only when one 
can exclude post-mortem changes and other adventi- 
tious factors that might arise wholly apart from in- 
trinsic parathyroid changes. In many cases the 
glandules are microscopically enlarged, are soft and 
pale, or firm and tense. These changes are usually 
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due to increased fluid content (oedema) and are prac- 
tically always a part of a general oedema of the neck 
organs. Microscopically the cells in such glandules 
are larger than normal, the cytoplasmic granxiles are 
more distinct than usual and the nuclei large and pale. 
Frequently the usual structure of the gland is lost 
and no good cell pictures obtained. The authors 
have been unable to fix such appearances as being of 
significance. 

Hemorrhage.— Hemorrhage was found in these 
cases of Thompson and Harris onlythree times. The 
rarity of hemorrhage in adults has been noted by Erd- 
heini, who found it seven times in children but only 
in one instance in an adult. Getzowa found it only 
once in the adult. Yanase also speaks of the in- 
frequency of hemorrhage in these glandules in adults 
although he has been able to demonstrate it fre- 
quently in the first year of life, as previously noted. 
Verebely found hemorrhage only once in the adult 
(twice in children), in his one hundred and twenty- 
five Cases. Benjamins and Peterson only report 
single cases, the latter in one hundred autopsies. 
Our cases of hemorrhage were found in connection 
with toxic glomenilo-nephritis, marked general ane- 
mia secondary to syphilis, and acute parenchyma- 
tous nephritis, respectively. In none of these .cases 
was there any clinical manifestation of tetany. 

Fibrosis.— The amount of connective tissue found 
in the parathyroids is, in general, subject to wide 
variation. The gland may consist of a continuous 
mass of epithelial cells penetrated by a considerable 
capillary network, unaccompanied by connective 
tissue, or there may be a continuous reticulum run- 



yGoot^le 



266 



PARATHYROID C.LANDS 



ning throughout the gland. When the gland is 
broken up into distinct islets by a decided connective 
tissue stroma there is in the gland more connective 
tissue than should be considered normal £or the 
structure. Some authors, however, choose to class- 
ify thi.s as a particular ' 'type' ' of gland. In any event 
the widening of such a stroma and the decreased 
size of the islets leads to the ditTerent degrees of 
what may be lermeti "chronic interstitial parathy- 
roiditis;" or, as Verebely, who found the condition 
weU marked in two cases, terms it. "parathyroiditis 
chronica fibrosa." The best examples nf this con- 
dition have alreai-ly been described imder primary 
infantile atrophy. 

In tlie series of cases described by Thompson and 
Harris every possible variation in connective tissue 
content of these glandiUes was met with. 

The cases exhibiting connective tissue increase in 
the paratlnTrnds are, in this series, almost. without 
exception in poorly nourished individuals showing 
at autopsy chronic heart lesions with general chronic 
passive congestion, cirrhosis of the liver, and chronic 
tuberculosis. However, the greater number of cases 
exhibiting the above lesions show no changes in the 
parathyroids, so that chronic fibrous parathyroiditis 
is not necessarily an accompaniment of these condi- 
tions, although it may be most frequently found in 
connection with such. 

That specific infectious agents may bring about 
this condition is suggested by the extreme sclerosis 
found in a lower parathyroid in a case of acute 
miliary tuberculosis. The reaction in this case can 
be compared with the appearance sometimes seen in 
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very chronic, tubercle bacilli poor, tuberculosis of 
lymph nodes, where there is little or no caseation or 
tubercle formation but marked connective tissue 
hyperplasia. 

In the opinion of these authors the fact that even 
in extreme age and in a great variety of severe dis- 
eases the parathyroids are so comparatively free 
from lesion is more noteworthy, and a better proof 
of their importance than would be the frequent 
finding of lesions that would seriously impair their 
function. In none of the cases that showed fibrosis 
was there any clinical manifestation of tetany. 
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CYSTS AND TUMORS. 



Cysts occurring in connection withtheparathyroid 
glands may be broadly classified as (1) retention 
cysts; (2) polycystic degeneration; (.1) cysts arising 
either without, or in the neighborhood of, the para- 
thyroids (branchial cysts). The production of cysts 
of the former class has already been discussed under 
colloid. These small cysts are quite common. 
Thompson and Harris found them in about five per 
cent of their cases. Peterson found cysts six times 
in his one hundred cases. Cysts have also been 
noted by Benjamins, by Pepere and by Kohn. The 
latter author was the first to describe retention cysts. 
- They may be single, or three or four may be found in 
a single glandule; rarely do these cysts exceed the 
diameter of a low power field. 

Polycystic degeneration has been found by several 
authors — Schaper in the parathyroid of a sheep; 
Erdheim in an eighty-three year old woman. Vere- 
bely also describes a similar picture in the parathy- 
roid, but on account of the variation in the lining 
epithelium of the cysts prefers to class his case as 
a branchial polycystoma. 

It would seem that colloid filled spaces are in gen- 
eral so frequent that there is no necessity for consi<l- 
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ering these "retention cyBts" in detail unless they 
assume a number or size that brings them into rela- 
tion with the condition described elsewhere, namely: 
true cysts and thyroid-like structure. 

The cysts included in class (3) are to be con- 
sidered as developmental anomalies. Verdun has 
contributed extensively to their embtyological de- 
velopment, and more recently Erdheim has sought a 
classification for these branchial cysts. The latter 
author finds two different types of cysts in relation 
with the upper parathyroids which arise from the 
fourth gill pouch. The more common and better 
known cysts are, however, in relation with the lower 
parathyroids which arise from the third gill pouch. 
Verebely describes in detail two cysts in connection 
with the upper glandules, one of which he terms 
a post branchial cyst, the other a branchial cyst. 

Thompson and Harris found only two cysts 
of the parathyroid of any coflsiderable size. The 
first in a woman seventy-two years old with atrophic 
thyroid (lateral lobes measured only 3x2.5 centi- 
meters), upper parathyroids in normal position but. 
quite small (5x1 . 5x. 5 millimeters). Left lower para- 
thyroid not fotmd. At the base of the right lower 
lateral pole of the thjrroid is a parathyroid gland 
forming a flattened cap to a cyst which measures 
two by two by two and one half centimeters in diam- 
eter. The cyst wall is lined with a single layer of 
flattened epithelium. The second cyst was also in 
connection with a lower glandule and practically its 
equivalent in size (7x4x3 millimeters). This was a 
simple cyst. 
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TUMORS OF THE PARATHYROID GLANDS. 

Tumors of the ' parathyroid glands have been re- 
ported by a number of writers, and we can now find 
in the hterature a number of these growths which 
are described in considerable detail. 

The first of these was a tumor described by de 
Santi (1900) as a rather large vascular growth, the 
structure of which corresponded to parathyroid 
tissue. The tumor grew with considerable rapidity, 
but was classified as not malignant. 

Most of these tumors represent reproduction of 
parathyroid tissue, and should be des^nated, per- 
haps, as examples of hypertrophy and hyperplasia 
rather tlian classified as true tumors. Weichselbaum 
and others lean toward the designation of adenoma 
for these growths, although, as this author states, a 
distinct boundary line between adenoma and hyper- 
plasia cannot be sharply drawn. Most of these 
growths have been of small size. In certain of these 
tumors, as those of Benjamins, of Hulst, and of 
Thompson and Harris, the proof of parathyroid 
origin is lacking, save for the resemblance of the 
tissue to parathyroid structure, and the latter au- 
thors refer to their growth simply as a "parathyroid- 
like" tumor. 

Verebely has noted the fact that there is a great 
similarity between the cells of the parathyroid and 
rapidly-growing parenchymatous thyroid nodules. 
so that one must keep in mind the question of con- 
genital fetal anomalies in the origin of these growths; 
such, for instance, as the failure of closure of the 
central canal of Prenant. The work of Getzowa and 
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. of Langhans has thrown much new light upon these 
epithelial forms of malignant struma and brought up 
the question of the origin, of certain types, at least, 
from the post-branchial bodies. 

Tumors of the parathyroid glands may be grouped 
primarily as (1) Extrathyroideal (2) Intrathy- 
roideal. To the first group belong the cases reported 
by Erdheim, MacCallum, Weichselbaum, and Vere- 
bely. 

Erdheim's case occurred in an eighteen year old 
individual in one of the inferior parathyroids. It 
was situated below the lower pole of the thyroid and 
entirely separated from the same; it measured two 
and a half, by one and a half centimeters in diameter. 
The tumor consisted of a fine, faintly vascularized 
stroma in which were imbedded strands and irregu- 
lar masses of epithelial cells. The cells corresponded 
to those of the normal parathyroid and between 
them, here and there, colloid droplets were to be 
seen; there was no definite follicular structure. In 
one part of the tumor a small cyst lined with a single 
layer of epithelium and having a fatty content was 
noted. 

MacCaUum reported a tumor found at autopsy in 
a male, aged twenty-six years, who died of uremia. 
This tumor was just below the lower pole of the thy- 
roid, on the right side and separated from it. It 
consisted of a long, smooth mass about two centi- 
meters in diameter, enclosed in a delicate capsule and 
richly supplied with blood vessels. The thyroid gland 
in this case was normal, and two normal parathyroids 
were found. On microscopic examination the tissue 
comprising the tumor was f oxmd to closely resemble 
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parathyroiJ. The mass was made up of strands and"" 
large groups of cells separate<l by a delicate vascular 
stroma. No colloid was found in either the cells 
or the alveolar spaces and the blood supply was less 
than was noniially present in the parathyroid. Mac- 
Callum classified the tumor as an adenoma. 

Goris found a tumor in a twenty-two year old male 
consisting of three closely connected cysts which 
contained colloid and degenerated parathyroid tissue. 
This case should perhaps be classified under cystic 
degeneration of the parathyroid rather than in this 
place. 

Von Verebely has described a tumor of the para- 
thyroid, belonging to the first group. This tumor 
was fountl in a forty-two year old woman in whoin 
three parathyroids were found, normal in size and 
position. The tumor appeared as an oval, flabby, 
concave body under the lower pole of the right thy- 
roid, measuring two and a half, by one and three- 
quarters, by one and a half centimeters in diameter. 
It possessed a thin, stretclied out capsule. On sec- 
tion it was found to be made up of a soft homo- 
geneous, vascular tissue. Microscopically the cap- 
sule gave off delicate septa ramifying within the 
tumor and connecting with the perivascular tissue, 
so that a delicate framework was formed, carrying 
capillaries, and possessing spaces filled with epithe- 
lial cells. The epithelial cells fonned rows and 
strands, and were sometimes arranged in round or 
irregular islets. Three extreme types of cells, which 
shaded into each other by various gradations, were 
described in this growth. These cells corresponded to 
the type of principal cells of the parathyroid for the 
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most part. The cells of the second type were vacuo- 
lated, and appeared singly or in small groups. The 
third tjrpe corresponded to the functioning cells, and 
varied considerably in size. No mitoses were to be 
seen in any of the described cells. 

Weichselbaum described a timior of the parathy- 
roid found at autopsy in a woman who died of pneu- 
monia. In this case both of the lower parathyroids 
and the right upper parathyroid were nomml in size 
and position. In the left upper glandule was a flat- 
tened tumor measuring four and three-tenths by 
three and six-tenths, by one half to one centimeter 
in diameter. It covered a part of the posterior 
surface of the left thyroid as well as the posterior 
surface of the right thyroid. It was very soft, and 
gray-red in color. Histologically the tumor consisted 
essentially of normal parath)TX)id structure, with no 
suggestion of malignant tendency. The tumor pos- 
sessed a delicate connective tissue capsule, strands 
of which penetrated the mass, separating the cells 
into groups of different size. These cells could be 
divided into four different types — ^the first cor- 
responding to the principal cells of the normal para- 
thyroid; the second corresponding to the fimctional 
cells of the normal parathyroid; the third character- 
ized by the grouping of the cells around a central 
himen; and, finally, cell groups not definitely separ- 
ated by a stroma in which cells and nuclei were quite 
small. 

Intrathyroideal tumors have been described by 
Benjamins and by Hulst and, aspre viously stated, their 
origin is open to question, as are the other tumors 
whose description follows. The tumor described by 
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Benjamins was in a fi£ty-seven year old male; situ- 
ated in the right thyroid lobe. This tumor developed 
within three years to the size of a child's head, and 
recurred after extirpation. This tumor showed a 
connective tissue framework in which cells similar 
to those of the parathyroid were found arranged in 
groups; they possessed a pale nucleus with clear 
protoplasm and showed a tendency toward palisade 
arrangement ; they were a little larger than the nor- 
mal parathyroid cells. Mitoses were rarely seen in the 
cells. Here and there small masses of colloid were 
found. A normal parathyroid was found in the 
capsule of the tumor. 

The tumor described by Hulst was found in a ver>' 
old woman, in the right lobe of the thyroid, postero- 
medial, about the height of the isthmus of the gland, 
It measured two and a half, by two and a half, by 
two centimeters, and was inclosed in a calcified cap- 
sule. Microscopically this tumor consisted of a 
stroma rich in blood vessels and made up of cells of 
two types; the larger were polygonal and stained 
deeply with eosin, and theirnuclei showed signs of 
degenerative change; the smaller whicli appeared in 
groups among the other cells possessed little proto- 
plasm, and showed an eccentric nucleus which stained 
intensively. There were various gradations between 
these two types of cells. Mitoses were not found. 
The author characterized the tumor as an adenoma 
arising from parathyroid; he makes no mention, 
however, of other parathyroid glands in this case. 

Askanazy has called attention to a tumor appar- 
ently derived from parathyroid tissue which he found 
in a case of ostitis deformans. 
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Thompson and Harris have described a tumor 
possessing a parath5Toid-like structure which was 
removed at operation so that no careful dissection 
of the neck could be made. These authors state: 
"The extreme similarity of the greater part of the 
structure to parathyroid tissue justifies its discussion 
in this place although certain parts of it suggest the 
5ility of its oris^^in I'roiii the ]j'>st liraiichial body. 
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We have chosen to call the growth simply a para- 
thyroid-like ttmior and regret that circumstances 
were such that neither a careful topofrraphical study 
of the neck region could be made in the case, nor 
even, owing to the way the tumor was received, could 
the differential histological study, especially in re- 
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gard to glycogen content, be done that was desired. 

"The specimen is a nodiilar encapsulated mass 
(15x10x6 centimeters), weighing two hundred and 
fifty grams. Some of the nodules push sharply above 
the level; others are low, broad, and seemed fused 
together. The larger reach a diameter of four cen- 
timeters; the smaller measure one-half to one centi- 
meter. The tumor is firm throughout. The cap- 
sule is thick, fibrous, ant! tense, and entirely covers 
the mass with the exception of an area, four by five 
centimeters, which represents the severed point of 
attachment. This capsule dips between the nodules 
and marks their outlines. The color is brownish 
yellow, mottled by scattered hemorrhagic areas in 
and upon the nodules. There are no large or con- 
gested vessels to be seen. 

"On section the mass is found to consist of many 
discrete and confluent light brownish yellow areas 
separated more or less by fibrous trabeculse. These 
areas correspond to the superficial nodules. They 
are firm, homogeneous, and friable ; their cut surface 
presents a milky exudate, rich in cells. Variations 
in the appearance of these areas depend, in the main, 
upon the blood content. Some are pale and blood- 
less, some show congested capillaries; others con- 
tain bright red or dark brown areas of hemorrhage. 
In one nodule the cut surface is marked by translu- 
cent, silver-gray anastomosing bands of connective 
tissue which arise from the capsule. There are a 
few small cysts filled with a gelatinous semi-solid 
material. 

"The capsule, which on the surface is distinct both 
in color and structure, loses its fibrous character as 
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it passes into the mass and fades into a broad brown- 
ish yellow band. Numerous small blood vessels 
course along the connective tissue trabeculae. 

"For microscopical study a segment about five 
millimeters in thickness, cut from the median zone, 
was carefully plotted so that in the end it was possible 
to reconstruct the entire cut surface of the gross 
specimen. Histologically, the specimen is an epithe- 
lial tumor in which the cells are arranged as tubules 
or in nests and cords resembling the structure of 
parathyroid glandule. The connective tissue in 
places is prominent and forms anastamosing septa 
between the epithelial islands. In other parts it 
is present only as a delicate basement membrane, 
or very fine interlacing reticulum between the cords 
and clusters of loosely lying epithelial cells. Differ- 
ent lobules show wide variations in this proportionate 
distribution of epitheUal cells and stroma. In an 
individual lobule this relationship is constant. The 
epithelial cells vary in diameter from twenty to 
twenty-five microns. The nuclei measure from four 
to eight microns and stain deeply. The protoplasm 
is vacuolated and stains lightly. As a rule, the cell 
boundary is not sharply defined. For the most 
part the cells are cuboidal or columnar and rest upon 
a distinct but delicate basement membrane. 

"The structural formation follows the type of a 
simple gland with a small lumen, or the cells are 
grouped into small solid nests of six or more cells. 
From this original gland-like type, two variations 
arise. In the one the lumen becomes dilated, with 
the formation of numerous small cysts, the epithelium 
becomes flattened, and papuliferous outgrowths arise 
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from the walls. In the other variation the cells are 
freed from their attachment to the basal membrane 
and appear as compact or loose clusters, cords and 
nests; the lumen disappears and all structural regu- 
larity is lost. 

"For the most part the tumor is rich in capillaries 
upon whose delicate walls the cells are attached di- 
rectly. In a few nodules the blood supply is sur- 
prisingly scant, entire fields being apparently free 
from determinable vessels. The hemorrhagic areas 
are munerous in certain lobules, the blood lying in 
large lakes and tubules and nests. The absence of 
lai^e blood vessels with well developed walls is 
striking." 

DaCosta found in a female aged thirty-two years, 
on the riglit side of the neck, a tumor about as large 
as an orange. His tumor is described as foUows: 
"It passes to some extent back of the level of the 
upper border of the thyroid cartilage above. It also 
passed to one centimeter to the left of the median 
line. It was smooth, regular in outline, cxct'pt for 
a bulb-like projection at its lower anterior portion; 
and of firm consistency throughout. The growth 
was in extremely close relation with the recurrent 
laryngeal nerve of the right side, and great difficulty 
was experienced iii effecting a separation between 
the nerve and the tumor mass. No parathyroids 
were identified . The tumor was brownish yellow and 
irregular, and presented, in front of the lower por- 
tion, a bulb-like projection the size of a walnut, 
which was somewhat softer and decidedly darker 
than the remainder of the mass, but apparently a 
portion of it." 
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The growth is described histologically as consist- 
ing of parathyroid gland (tissue), surrounded by a 
fibrous capsule. The epithelial-like cells were ar- 
ranged in fairly distinct columns, or masses separated 
by thin walls of vessels, or vascular intercellular 
tissue. In some areas, the tissue was arrar^ed in 
the form of acini, lined with cuboidal or polygonal 
ceUs ; although even in these instances, there was no 
sharp demarcation between neighborir^ cells. The 
protoplasm of most of the cells was granular or vesi- 
cular, and showed weak affinity for acid stains. The 
nuclei of these cells were small masses of material 
that gave the stainii^ reaction of chromatin. In a 
number of the acini were small masses of colloid, 
■ Bands of fibrous tissue, enclosing numerous areas of 
weakly acidophile substance, or distinct masses of 
cells, were distributed through portions of the sec- 
tion. Many areas of hemorrhage appeared at va- 
rious points in the section. Most of these were re- 
cent; but at a few points there were degenerative 
changes in the bordering gland tissue. Separated 
from the parathyroid structure by a broad, distinct 
band of fibrous tissue, containing many large blood 
vessels, .was a portion of attached thyroid. 

De Paoli has reported two tumors of the para- 
thyroids occurring in males aged twenty-one and 
forty-one years, respectively. These tumors are 
described as being composed equally of thyroid and 
parathyroid tissue. 

Pepere has reported two cases of angioma of the 
parathyroid as well as two cases of myoma and a 
lymphoma of these glandules. The same author also 
described a parathyroid adenoma the size of a large 
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apple. A similar tumor, but smaller in size (1.5 
cm. X 7 rain, x 5 rain.), has been described by Claude 
and Schmiergeld. Tumors have also been described 
by Makai, by Walther and, quite recently, by Berard 
and Alatnartine, who also give a considerable review 
of the literature. 

Metastatic involvement of the parathyroids from 
malignant growths arising elsewhere has been re- 
ported by Konigstein. from a bronchial carcinoma 
which involved thyroid and three parathyroids; 
by Pepere, two cases, from a breast carcinoma and 
a thyroid carcinoma; and by Thompson from a 
breast carcinoma in which there was involvement of 
all four glandules. In none of these cases was tetany 
observed. 
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CHAPTER XVII. 



RELATION OF THE PARATHYROID GLANDS 
TO POSTOPERATIVE TETANY. 



It is rather a peculiar coincidence that the discov- 
ery of the parathyroid glands by Sandstroem in 
Upsala and the first description of tetany following 
goitre extirpation by Weiss in Vienna, should have 
occurred in the same year. Ten years elapsed, how- 
ever, before the relationship of these observations 
was disclosed. It was just about this time that opera- 
tions for goitre, which had previously been uncom- 
mon, were, thanks to the work of Billroth and Kocher, 
becoming more frequent. Following- such opera- 
tions it was noted that either cachexia or tetany 
might manifest itself. 

Also for many years it had been noted that certain 
animals after thyroidectomy showed convulsive or 
tetanic symptoms which quickly led to death, but 
no one had considered these symptoms, either in 
animals or man, due to anything other than removal 
of the thyroid gland. SchifE (1883), performed a 
complete thyroidectomy (which cf necessity included 
the parathyroids) on sixty dogs, fifty-nine of which 
died in tetany and convulsions as a result of the 
operation. Horsley in 1892, in ignorance of the work 
of Gley on the parathyroids which was then just 
appearing, made the following statement in con- 
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nection with thyroidectomized apes: "In the mon- 
key I have found that, as a rule, the animal, after 
complete thyroidectomy, appears perfectly well for 
about five days. Then there is noticed a slight 
fibrillation of the iatrinsic muscles of the hands, 
feet, and jaws following this order in successive in- 
vasion. As a rule the fibrillation soon becomes a 
constant tremor. The constant tremor is soon added 
to by a series of powerful clonic spasms. This par- 
oxysmal stage usually appears about the second or 
third day after the tremors are first noted, and per- 
sists about twenty days. They gradually fall in 
force, reassimie the type seen at their onset and dis- 
appear sometimes as much as ten days before death." 

Another suggestive .picture of a thyroidectomized 
ape is given by Langhans, who thus described the 
animal: "hit habe die Tiere vielfach gesefien. wo 
sie hiilfios auf dem Boden sassen. zum Theil mil 
Zwangshewegiingeii , nameutlich des Kopfes und selbst 
des ganzen Korpers nach links, ein rechtes miUeid 
erregendes Bild." 

In herbivora, after the removal of the thyroid no 
such accidents occurred. We now know that a cofi- 
siderable amoimt of parathyroid tissue must be 
present in sheep and goats outside the thyroid gland, 
and in the rabbit two of the parathyroids are situ- 
ated at some distance from the th5rroid, so that they 
were always left behind in removal of this latter 
gland. Therefore it was the lack of removal of all 
parathyroid tissue in these animals that was the 
reason for the lack of tetany, and not the fact that 
animals feeding on vegetable diet ^\■crc immune to 
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these symptoms, while animals feeding on a meat 
diet succumbed to them. 

At this point begins our second important epoch 
in the history of the parathyroid glands, which was 
inaugurated by the discovery of Gley, in 1891, that 
the tetanic symptoms which appeared after removal 
of the thyroid were not due to the loss of the thyroid 
but were due to the loss of the parathyroid glands 
which were removed with the th5rroid. 

Gley demonstrated that in the rabbit there were 
two parathyroids separate from the thyroid and if 
these were removed together with the thyroid, which 
contained the other two parathyroids, the same 
tetanic symptoms arose in the rabbit as had been 
obtained in the dog. 

Gley removed in his first experiments both the 
thyroids and the parathyroids from sixteen rabbits. 
Fourteen of these animals following such treatment 
showed rapidly fatal symptoms, which began within 
twenty-four hours after operation and led to death 
in a few hours. Gley continued these experiments 
and, in aU, removed the parathyroids in more than 
fifty rabbits. When the external parathj^roids alone 
or the thyroid lobes alone were removed there was 
no tetany, but when these external bodies plus thy- 
roid (which contained the remaining parathyroids) 
were removed tetany and death resulted. It is to 
be noted that the islets of parathyroid tissue that 
are sometimes found in the thymus, were then un- 
known, and therefore in the rabbits that survived 
all the parathyroid tissue was probably not removed. 

Gley also showed that in the dog if the th5Toid 
was removed and the parathjToids were left intact, 
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the anunal did not show acute symptoms, while if 
the parathyroids were subsequently remo\'ed the 
usual fatal tetany resulted. Similar results were ob- 
tained in the rabbit. WTien the parathyroids were 
removed a month subsequent to the thyroid removal, 
the animal died with acute symptoms. 

In all this work, however, Gley failed to recog- 
nize the internal parathyroids which arc within the 
thyroid lobes, and therefore, he concluded that the 
negative effect of removing the thyroid alone was 
due to the vicarious action of the external parathy- 
roids. 

These researches of Gley were begun in 1891, and 
covered a number of years. Soon after his first ar- 
ticles appeared, a ninnber of other investigators took 
up this fascinating problem. 

Hofmeister confirmed the work of Gley in so far 
as to find that severe symptoms and death followed 
the extirpation of the para1h%Toiil glands; he did 
not observe the comjjensatory hypertrophy of the 
oi^an after extirpation of the thyroid that Gley 
had described. 

Moussu in a number of experiments on the rabbit 
and cat brought forward proof that thyroid and para- 
thyroid each possessed a distinct function ; the loss 
of the thyroid was followed by chronic trophic dis- 
turbances, such as myxcedema and marked cachexia, 
while extirpation of all the parathyroids led to acute 
tetanic symptoms and death. This teaching, which 
involved a strong separation between the symptom 
complex of thyropriva and of parathyropriva was 
for a time a much vexed question. Moussu's ex- 
periments, which comprised fifty-five complete para- 
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thyroidectomies, principally on dogs, were followed 
by tetanic death in thirty-three cases. In the ani- 
mals which sxirvived, the author considered that the 
operations were incomplete, as at autopsy one or 
more parathyroids that had escaped ablation were 
found in a number of instances. 

Moussu gives the following description of para- 
thyroid insufficiency in a dog where ablation was 
not quite complete: "AppHit capricieux, iUvation 
Ugire et permanente de la temperature, augmentation 
du nombre des battements cardiaques. tachycardie, 
dyspnie, polypn^e dis que les sujels sont soumis a 
un exercice un peu actif: secousses fibrillaires ou 
crampes musculaires nwmentanies, albuminurie Ugire 
et inconstante, etc." 

Christiani extirpated the parathyroids of the rat, 
tc^ether with the thyroid, and observed with great 
regularity death in tetany after the operation. 

Kohn, in 1895, published a most important work 
on the parathyroid glands in which he gave us a more 
perfect knowledge of the anatomy of these bodies 
than we had previously possessed, and definitely 
established the independence of these organs which 
up to this time even Gley himself despite his experi- 
mental work had continued to regard as embryonic 
th5Toid. After the publication of Kohn's paper es- 
tablishing the identity of the "internal" as well as 
the "external" parathyroids, a more sure basis for 
experimental work was offered. 

As a result of this work of Kohn, Vassale and Gen- 
eraii for the first time removed all foiu- parathyroid 
glands without removing the thyroid. These ex- 
periments were done on ten cats and nine dogs with 
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the following results. Of the ten cats only one sur- 
vived (and this one developed chronic cachexia) ; the 
other nine died as a result of the operation with con- 
vulsive symptoms (fibrillary tremors, muscular 
twitchings, depression, rigid and staggering gait, 
anorexia, tachycardia, loss of weight and death). 
The Tnaximum tin\e of death was ten days. The nine 
dogs all died in less than eigiit days; usually on the 
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third or fourth day with the respiratory and con- 
vulsive symptoms that are now so well known. 

Vassale and Generali supplemented their first ex- 
periments by a series of two-stage operations on a 
number of animals. They found the results were the 
same following total parathyroidectomy if the glands 
were removed in this way as were obtained in the 
first experiments, save that the dog survived a little 
longer after the final complete parathyroid removal. 
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Out of three dogs, two survived for twelve days after 
the second operation, the third died on the fifth day. 
Out of four dogs in which two parathyroids were 
left there were no symptoms save in one instance 
where a little transitory rigidity occurred which soon 
cleared up. Out of two dogs in which a single para- 
thyroid was left one presented transient symptoms, 
the other no symptoms whatever. 

Rouxeau removed the parathjToids in twenty-one 
rabbits leaving the thjrroid intact and only three of 
these animals escaped death. The symptoms were 
the same in general as when complete thyro-parathy- 
roidectomy was performed. The author concluded 
from this that in the rabbit parathyroidectomy is 
a grave offense, while removal of the thyroid is in- 
offensive. 

Since that time these experiments have been fre- 
quently repeated and always with analogous results. 
Among these early workers may be mentioned Dc- 
Qucrvain, Verstraeten and Vanderlinden, Paladino, 
Cadeac, Guinard, Capobianco, Edmunds and Van- 
Ecke. The details of the early work may be found 
in the very complete monograph of Jeandelize which 
includes as well experiments of his own. Jeandelize 
was the first to make a sharp distinction between 
the chronic symptoms that follow thyroid removal 
and the acute symptoms that follow parathyroid 
removal and to establish the' independence of these 
latter organs. 

Although, with the earlier workers, the rabbit was 
the favorite animal for experimentation, the dog, 
owing to its larger size and its more direct connection 
of thyroid and parathyroid has been the animal 
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most generally employed by later investigatore." 
Gley himself has used the dog in a number of his ex- 
periments. It is «'ell to remember, however, that 
in many cases in this animal the glandules may be 
so situated as to make a total parathyroidectomy 
impossible.* Not only may there be accessory para- 
thyroids biu-ied in thyroid gland but aberrant para- 
thyroids have been found at times quite a distance 
removed from the thyroid. 

Lusena was able to produce tetany in nineteen 
dogs by parathyroidectomy, which was always rap- 
idly fatal, (three days on the average after opera- 
tion). Walter Edmunds on the contrary had of 
nine dogs similarly operated on, four which survived. 
Such apparent discrepancies can only Ije accounted 
for by the lack of complete parathyroid removal 
which is to be accomplished only by the most care- 
ful operative procedure. 

D. A. Welsh removed the four parathyroids in 
the cat and obtained severe and fatal symptoms; 
even with one parathyroid left in situ the experi- 
ment was fatal for some of these animals. If two 
parathyroids were left no serious acute symptoms 
resulted. 

Pineles operated on the ape, cat and rabbit. He 
noted in the .'ipe that the symptoms were of more 
chronic character than in the other animals. His . 
operations were done* for the iiiost part in two or 
three stages; tetanic death was obtained only after 

*Gky noted U varlallons Jti the sltumlon or the sluiidulfs [n ii ilOES, and 
Alquler lound the classic slttiatlon □( the bodies only U times In 15 dogs. Acces- 
sor; glandules are at any time liable to complicate tlie uork. Vasssle found one 
on the right side of the cricoid at the first trncbeal rinK. live In the mediastinum, 
three on the posterior surface of the aorta. PlnncA found |>arBlhyioldB ott the 
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removal of all parathyroid tissue, the loss of three 
parathyroids gave rise to practically no symptoms. 
In two apes in which all parathyroids were removed, 
a progressive tetany developed with flaccid par- 
alysis and contraction with final apathy, spasm 
and death. Apes, from which the whole thyroid and 
nearly all the parathyroid tissue was removed, 
showed trophic disturbances, such as falling of the 
hair, anemia, skin ulcer, and cedema of the upper 
eyelids. Cats, from which all the parathyroids were 
removed, died on an average in five and a half days 
in acute tetany. If, in the cat, the entire thyroid 
and only a part of the parathyroid was removed, 
apathy and trophic disturbance appeared, but no 
muscle spasm. As result of these experiments, 
Pineles concluded that fatal tetany resulted from 
extirpation of the parathjToid glands, while trophic 
disturbances arose from the loss of the thyroid sub- 
stance. 

Walbaum obtained results similar to those of the 
authors previotisly cited. His results wlU be dealt 
with more fully in the chapter on parathyroid trans- 
plantation, as win also the results of Biedl whose 
work on apes, as well as on the do^ and fox, is in 
line with that previously cited. 

We may mention in passing that fatal results have 
been obtained following parathyroidectomy in birds 
by Doyon and Jouty, and in the turtle by Doyon 
and Kareff. 

MacCallum performed either complete or partial 
parathyroidectomy on twenty dogs. His classic 
description of the symptoms in the parathyroi(iec- 
tomized animals isasfoUows: "Beginning with symp- 
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toins of unrest and anxiety with slight twitchings c 
the muscles here and tliere and fibrillary tremors of 
the tongue, the animal rapidly passes into a state 
in which the most violent tetanic spasms of all the 
muscles occur. The dog is able to walk ;it first but 
rather stiffly, the hind legs being especially Eiwkward 
and beyond his control, frequently with a sudden 
twitch, they slip from under him and bring him 
down upon the floor. Sometimes in walking about 
or climbing stairs the dog suddenly falls to the floor 
in an epileptiform convulsion, the legs are stretched 
out rigid, the head stretched forward, all the mus- 
cles of the neck being thrown into a tetanic con- 
traction — breathing stops for a few moments and 
is then gradually resumed, the legs finally relax and 
the dog recovers and walks about again, Usually 
however, the onset of tetany is more gradual and 
continuously progressive and from the condition in 
which spastic walking is possible the dog goes on 
to that stage in which, with all the muscles rigid and 
twitching violently, he is unable to stand at all. The 
most violent trismus with snapping of the jaws ap- 
pears and the tongue is often bitten; saliva pours 
from the mouth; all the facial muscles twitch and 
the eyes project from the fact tliat the upper lid 
is much retracted. Respiration is profoundly af- 
fected and the dc^s appear to stretch out their heads, 
panting for breath. The rate of respiration is 
greatly increased, even up to 200 or 250 a minute. 
With this there is no sign of cyanosis and the blood 
is readily arterialized by shaking up in the air. Ex- 
haustion soon super\-enes and the convulsions be- 
conie less violent and the respiration less rapid, so 
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that if the animal does not die in the -height of the 
attack he lies relatively quiet for a time before 
death." 

Vassale and Donaggio found in the spinal cord of 
six parathyroidectomized dogs a microscopic alter- 
ation (after Mueller's fixation) which they con- 
sidered a degeneration in the crossed pyramidal 
tracts identical in situation with that following abla- 
tion of the motor cortex, and also a similar change 
in the posterior tracts. This apparent degeneration, 
however, could not be demonstrated microscopically 
with either the Marchi or the Weigert-Pal method. 
With a nigrosin stain the axis cylinders showed 
swelling and a granular appearance, and the myeline 
sheath showed atrophy and did not stain well. 

Russell examined the brain and cord of seven dogs 
which died of tetany after parath3TX)id removal and 
found rather extensive chromatolysis, shrinkage and 
distortion of the pyramidal cells and increase in the 
number of neuroglia cells. He concluded that the 
anatomical alterations were sufficiently well marked 
to afford a basis for the functional changes which 
led to tetany. 

Edmunds also found changes in the brain and cord 
of parathyroidectomized dogs. The Nissl bodies 
were no longer defined; chromatolysis was striking. 
Sometimes the substance took the stain deeply; in 
some cells the chromatophilous substance was ab- 
sent. Swelling of the nucleus and various stages of 
destruction was observed. The changes are similar 
to those observed after acute poisoning. 

Alquier and Theunveny found that in dogs after 
partial parathyroidectomy the menstruation periods 
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werejess frequent and tluration brief, and conception 
more difficult to obtain. Study of the ovaries failed 
to show any changes after these operations. 

Manca reports the observation of changes in the 
kidney in various animals after complete thyro- 
parathyroidectomy. These changes are not specific 
and appear sometimes in parenchymatous, sometimes 
in interstitial, form. 

Christens may also be cited as contributing to the 
etiology of the parathyroid glands in the produc- 
tion of tetany by experiments on the cat and goat. 

Berkeley has removed the parathyroid glands in 
over seventy-five rabbits, seven dogs and fourteen 
cats. While he usually obtained lethal results, he 
sometinies noted recovery in the animals even after 
thej'- had exhibited severe symptoms. He conclutled 
that in these instances a remnant of gland left be- 
hind had time to hypertrophy. 

Erdheim has contributed one of the most inter- 
esting, important and complete articles that have 
appeared oi; the subject of postoperative tetany in 
parathyroidectomized animals. His experiments in- 
clude partial and total operations in fifty rats. The 
parathyroid glands were destroyed in these animals 
by a fine cautery. 

Erdheim made careful serial microscopic sections 
of the neck organs in all these cases exhibiting tetany 
and demonstrated conclusively the presence of thy- 
roid and the absence of parathj-roid ; thus establish- 
ing beyond a doubt the parathyroprivic nature of 
the tetany. 

Different grades of tetanic symptoms appeared 
following his operations. Usually symptoms were 
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noted in the first twenty-four to thirty-six hours, 
consisting of tremor and spasm, continual movement 
of the whole body musculature, shaking, tonic spasm, 
and status epilepticus. In twenty-nine rats both 
parathyroids were destroyed (this animal possesses 
only two parathyroids), and, in aU but two cases, 
tetany appeared in between three and seven days. 
In some of these animals where a third (accessory) 
parathyroid was found in the apex of the thymus, 
this glandule seemed to have no influence on the course 
of the tetany. 

In twelve of these cases where total parathyroid- 
ectomy was performed the death of the animal was 
delayed, occurring in fifty-four to one hundred and 
sixty-two days. In these cases the tetany showed 
an outspoken chronic character. In addition, in 
these twelve animals, there occurred notable trophic 
disturbances, especially in the incisor teeth. Enamel 
defects showed themselves as white flakes on the 
normally yellow colored tooth. In addition the 
teeth became brittle, and gave rise to considerable 
pain if broken ofE within the alveolar process. Gan- 
grenous stomatitis was noted in the lower jaw about 
the broken off roots while the teeth of the upper jaw. 
increased in length. Erdheim considered these tro- 
phic disturbances an absolute constant symptom of 
tetany, due to a lack of calcium deposit in the grow- 
ing tissue. In addition cataract formation was ob- 
served in the rat. 

If in Erdheim's animals one-half a parathyroid* 
was left behind, no tetany at all, or only very mild 
tetany, appeared. In eight cases only one parathy- 
roid was removed, and in a 'third of these cases there 
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wc re seen only slight, indications of tetany. In 
eight rats a part of the thyroid was removed without 
injury to the parathyroids and in these, cases no s^ 
of tetany or of cachexia appeared. This work of 
Erdheim's, in addition to proving conclusively the 
tetany parathyropriva, is especially significant in 
calling attention to the trophic disturbance that 
may occur as the result of a partial loss of parathy- 
roid tissue. 

Alquier has obscr\'t'd the classic rtsults following 
parathyroidectomy in a considerable nimiber of 
dc^s, the symptoms appearing from three to five 
days after complete ablation of the parathyroid 
glands. This author calls attention to the care that 
must be used in speaking of liypertrophy of the para- 
thyroids, as he finds great variation in size under 
normal conditions (some authors have stated that 
if two or three of the glands arc removed the ones 
left Ix'hind iiJidtTt:o hv]XTtroph\'"|. Alc|uii,r states 
that he attempted to produce hypertrophy, and has 
studied histologically glands left behind from several 
days up to six months, after a part of the glands have 
been removed, and he is unable to state with cer- 
tainty that any hypertrophy takes place. 

Hagenbach found that in the cat it was possible 
to extirpate the thyroid plus the inner parathyroids 
and leave the outer. When this was done the para- 
thyroids left behind protected the animal from tet- 
any. Later removal of the remaining parathyroids 
■was followed by pronoimced tetany. This author 
found that the parathjroids did not act vicariously 
for the thyroid, as a typical cachexia thyropriva 
developed after the first operation. Hagenbach in- 
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sists that functionally, as well as anatomically and 
embryologically, the thyroid and ,parathyToid are 
separate oigans. 

Frommer's experiments have confirmed the work 
of other investigators. These will be referred to in 
more detail later on. Segalc has also published the 
results of much ei^rimental research on these bodies 
and discusses these results from a metabolic stand- 
point. This author states that tetany, although of 
frequent development after parathyroidectomy, is 
not a fundamental symptom. After parathyroid- 
ectomy such profound disturbance of metabolism 
occurs that all efforts on the part of the organism 
to repair it are absolutely ineffectual. He empha- 
sizes the importance of a cachexia strumipriva due 
to the removal of the parathyroid glands. 

Pfeiffer and Mayer have also studied extensively 
post operative tetany in a number of animals. In 
twenty-nine dogs it was found that the full-grown 
animal developed tetany on the average in forty- 
three hours after removal of the parathjnroid glands. 
The longest latent period in the adult dog was sixty- 
three hours, the shortest twcnty-e^ht hours. In 
four "goitre" dogs the latent period was somewhat 
shorter, symptoms appearing as early as sixteen 
hours after the operation. In puppies the latent 
period was prolonged to an average of sixty-nine 
hours, and the animal died on the average in a hun- 
dred and ten hours after the operation. These 
authors also operated on twenty-four rats, removing 
the parathyroid on one side in six cases, and on both 
sides in eighteen cases and observed chronic and 
acute forms of tetany similar to those described by 
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Erdheim, In addition, the parathyroid glands ■were 
removed from sixty-eight mice, on both sides in 
sijfty-three, on one side in five. The latter showed 
no notable symptoms, but thirteen of the former 
developed the typical tetanic symptom complex and 
death. 

Iselin has extirpated the parathyroid glands in 
young rats (five to twelve weeks old). Seven of 
these animals after excision of the parathyroids de- 
veloped acute tetany and death within two days, 
showing that the young rats are much more suscept- 
ible to this injury than the full grown animals. 
Still more susceptible are young rats bom from 
parathyroidectomized parents. These animals sur- 
vived operation usually only four hours, and died in 
epileptifonn fidniinating tetany. This work is s^- 
nificant in regard to its bearing on children's tetany. 

A second article of this same author has to do 
with the body development of the young rats which 
have survived partial parathyroidectomy. In some 
of these animals a chronic form of tetany developed 
which showed itself through apathy, trembling and 
continued moderate paralysis. Later nutritional 
disturbances, fracture of the teeth, the result of 
alveolar periostitis, and fistula formation appeared. 
Moreover, these animals acquired a roughing of the 
fur and suffered loss in the whole body development. 

Berkeley and Beebe have obtained the following 
results, which are too positive, to need discussion 
"The entire thyroidparathyroid apparatus has been 
removed, a complete thyroparathyroidectomy, with 
the result that the animals have almost invariably 
developed symptoms of tetany in t\\"elvc to forty- 
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e^ht hours. In two cases, after what was supptosed 
to be the compkte operation, there was no develop- 
ment of symptoms and the animals were kept in 
one instance for six weeks, and in the other for some 
months without symptoms. Probably an accessory 
parathyroid not removed was responsible for the 
nondevelopment of symptoms in these cases, al- 
though no such gland was found at the autopsy. 
Thirty-four dogs were operated upon in this group." 




I'ig. 71. Paratliyroiil ghiiululc sixlcon tluys ofter mass liKalion 
slicjiviug fusion of ma.ssc,i of (Ivgcneratcd piirnthyroid epillifliuiii, 
(Thompson and l.eighton.) 

A second group of sixteen animals having a com- 
plete thyroparathyroidectomy were fed or inocu- 
lated with thyroid proteids, in order to determine 
whether provision of thyroid function would modify 
the development of symptoms. Even the hypo- 
dermic injection daily of the extract of two normal 
dog's thyroids had no effect in retarding the develop- 
ment of symptoms. 
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A third yroup of eighteen animals was submitted 
to operation by resection of a portion of the glands 
(thyroid and parathyroid combined) ; in one set the 
anterior one-half, in the other set the posterior one- 
half. In resecting the anterior one-half of the gland, 
careful search was always made for the parathyroid 
on the external surfaa' of -the thyroid, and care was 
exercised to make the dividing line posterior to this 
glandule, so that in a successful removal of the an- 
terior one-half all the parathyroid tissue would be 
removed and yet an amount of thyroid tissue suffi- 
cient to provide for the physiological need of the ani- 
mal would remain in a normal functional condition. 
In six out of eight cases in which four parathsrroids 
were seen at the operation and removed with the 
anterior half, the characteristic symptoms of tetany 
develojjed in the usual time. Subsequent removal 
and section of the thyroid tissue remaining showed 
ittobe in a ph3-siological condition. In tliose cases 
in which the posterior half was removed, the divid- 
ing line being posterior to theextemal parathyroid, 
no symptoms were observed. 

In a fourth group of nine animals an attempt was 
made to destroy the parathyroids with the actual 
cautery, with a minimal amount of injury to the thy- 
roid. In four of these animals four parathyroids 
were found and cauterized and in these the operation 
was followed by the characteristic symptoms of 
tetany. The cautery caused only a small amount of 
injury to the thyroid. Microscopic section showed no 
pathological condition of the latter gland and its 
blood supply was not impaired, so that there can be 
no doubt that it was capable of functioning in these 
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cases, but the symptoms of tetany came on promptly 
and were quite as characteristic in this group as in 
the others having a more complete operation. 

Thompson, I^eighton and Swarts, in connection 
with their work on ligation of the parathyroid artery 
referred to in the first chapter, have shown that a 
single parathyroid glandule is sufficient to maintain 
life in a dog, but when this is removed the animal 
quickly dies in tetany. 

These authors selected dogs in which four nor- 
mally situated parathyroids could be found and at 
their first operation three parathyroids were excised 
and one glandule (with its artery ligated), left in 
place. Following such operation no symptoms, save 
in a few instances slight transient tetany, occurred, 
When the sustaining glandule was excised, however, 
the dog died in tetany. In three dc^s removal of 
the fourth glandule did not result in tetany arid 
autopsy showed extra parathyroids in these latter 
instances; so that not infrequently it may happen 
that four superficial parathyroids may be excised 
in this animal and extra glandules (usually intra- 
thjToidal) -protect the animal from death. As long 
as a single glandule remains the animal does not ex- 
hibit tetany. When this last glandule is removed 
the animal dies in tetany. 

EXPERIMENTS OPPOSED TO TETANY. 

In consideration of the vast amount of proof that 
has been brought forward by so many skilled investi- 
gators in favor of postoperative tetany as a result 
of the removal of the parathyroid glands, it seems 
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hsarfly necessary to quote the £ew articles that have 
appeared from tiine to time ia oppo sit ion to this 
theory. That doubt should arise, hovre\'>er, is quhe 
natural from the small size of the parath3rn>ids and 
the teeming inconsistency that such little organs 
could be of such \-ital importance. As Erdheim 
says: "Between the small size of the parathyroid 
glandA and the severe, often fatal result of their re- 
moval there is such a striking contrast, that the 
function of these bodies strikes us as something 
marvelous, and we are apt to maintain a slKptical 
attitude thereto." 

Bltrnienrcich and Jacoby have denied the influ- 
ence of the paratJiyroids in tht- production of the 
tetanic symptoitLs described by other authors. A 
careful examination of th^'ir work fails to show that 
they removed all the parathyroid tissue in their ex- 
periments, and we know that a single parathyroid 
If'ft iiilai'l. is siilTicii-Til. to pn'vent thr dcwlopment 
of tetany. In twelve rabbits these authors removed 
tlic thyroid and two parathyroids, in five animals 
the tliyroid and one parathyroid, and in four only 
till' thyroid. They found no difference between re- 
moval of the thyroid alone and the thyroid with 
uiic or two parathyroids. 

IJluin has declared that in his opinion the para- 
lliyroi<ls an; nothing more than embryonic thyroid 
IKissessing no particular function in the body. He 
H'sts this assumption, however, on the work of Kishi 
whieh has been severely attacked by Erdheim as 
sluiwing soven-ign ignorance of the work of previous 
investigators on the embryology an<l anatomy of 
ihew glands Kislii s-.imiis to Iv absolut<-'ly unawan.' 
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of the presence of the internal parathyroids in cats 
and dogs and his work, therefore, is practically with- 
out value. 

As a further proof of his assumption Blum offers 
the results of his experiments on a number of dc^s 
from which the greater part of the thyroid and (pre- 
sumably) the parathyroids were removed without 
obtaining tetany. However, in several of these dogs 
on which a second operation was performed for the 
extirpation of the tissue left behind death in tetany 
was obtained. Blum describes charges in the thy- 
roid that have been left behind consisting in an ex- 
traordinary cell increase which caused them to ap- 
pear similar to parathjToid in their structure and 
he thinks that the small thyroid rests were able to 
perform the duty of both thyroid and parathyroid. 
In this conclusion he has few supporters and his 
technic may be criticised as not definitely proving 
the removal of all parathyroid tissue. 

Bayon has, incidentally in the course of other work, 
made the observation that thyro-parathyroidectomy 
is not fatal for the rabbit. Apparently this author 
has not taken into consideration the extrathyroidal 
parathyroids in the rabbit and in his experiments 
failed to remove two parathyroid glands. 

Caro thinks that the accidents observed by pre- 
vious authors cannot be separated into those due 
to loss of thyroid and those due to loss of parathyroid. 
His experiments on dogs led him to conclude that 
a very small amount of thyroid protected the animal 
from tetany, but when these remnants were removed 
death of the animal in tetany resulted. These thy- 
roid remnants he describes as being entirely free from 
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parathyroid tissue. This author attacks especiiS 
tht- work of Erdheini, but as Schirmer, who has criti- 
cally reviewed both the results, states: "If one com- 
pait'S the large amount of material of Erdheim 
worked out with such rare industry, and such min- 
ute exactness in its technical and histological detail, 
with the work of Care's which lacks weight in many 
essential points and leaves important details to in- 
compU'ti; footnotes, one will be convinced that the 
attack of Caro will have little effect in weakening 
the results of Erdhcim's extensively compiled evi- 
dence." 

Vincent and Jolly have also reached results that 
differ considerably from those of previous investi- 
gators and are not so easy of criticism since the work 
appears to ha\'e been carried out with much care 
and exact knowledge of anatomy on a large number 
of animals of many different species. These inves- 
tigators did oblain tetany and death in a number 
of instances after parathyroid removal, but not with 
the same uniformity as did the other investigators 
that we have previously quoted. These authors con- 
clude that neither the thyroid nor parathyroids are 
essential to life since it is frequently possible to re- 
move either or both without causing death. Out of 
fifteen cats on which the complete operation was 
performed ten died with the usual "nervous symp- 
toms," Of the five surviving animals three showed 
grave "nervous symptoms." One cat showed no 
symptoms, and a young cat ceased for a time to 
grow but other\\-isc remained noniial. These authors 
used the term "nervous symptoms" rather than 
"tetany." Thesi' symptoms are described as a curi- 
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ous "paw-shaking" and some malaise. This is fol- 
lowed in rapid succession by "tremors," stiffness of 
gait and convulsions. "Even in a quiescent state, 
the forelegs tend to be flexed, while the hind legs are 
extended, a position exaggerated during the con- 
vulsions." 

Out of five dogs operated on by these authors typi- 
cal tetanic S3miptoms were produced in all save one 
Although these authors state that in this case there 
cannot be the sl^htest doubt that thyroids and para- 
thyroids were completely removed, the not infre- 
quent finding of accessory parathyroids, at times 
considerably removed from their normal situation, 
as we have previoulsy chronicled, makes it impossible 
for us to accept such a statement as absolute. In 
four foxes from which thyroids and parathyroids 
were removed aU died in severe tetany, the symp- 
toms appearing with remarkable rapidity. In seven 
moitkeys on which the same experiment was per- 
formed none died and in only two were tetanic 
symptoms observed. Their experiments on rats 
while negative were too few to admit comparison 
with the extensive work of Erdheim on this animal. 
Finally, following the complete operation upon four 
guinea pigs, no symptoms of any kind were observed. 
As the authors themselves state the extreme vari- 
ability in the anatomy of the parathyroids in this 
latter animal has rendered their experiments rather 
unsatisfactory. 

In a later article these authors continued their 
experiments with results similar to those just re- 
corded. One monkey died in convulsions on the day 
following the operation, but the authors state that 
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in this case the ncurrent laryngt-al ntrve on one side 
was included in a ligature. Of two prairie wolves 
one developed a convulsive attack with typical rapid 
respiration which lasted for two days but subsided 
and death did not occur until thirty-eight days after 
the operation. The other animal showed no symp- 
toms. Two badgers exhibited no symptoms after 
"complete" operation, 

A careful analysis of this work fails to show wherein 
the authors are justified in their somewhat sweeping 
assertion that neither thyroids nor parathyroids are 
essential to life: While their results have not been 
so striking as those of some of the previous investi- 
gators, still it will be noted that a great many of 
their experiments show the same fatal outcome that 
we have been led to expect following the removal 
of the parathyroid glands. Where such outcome 
was not forthcoming it was usually in animals in 
which the distribution of the parathyroid tissue has 
not been carefully worked out and we can only as- 
sume in such instances that the parathyroid glands 
were not removed with absolute completeness. In 
fact, since the publication of this work Harvier and 
Morel have shown that in the cat accessory para- 
thyroids are to be found in the thymus in fifty per 
cent, of cases. 

While it is impossible to note the opinions of all 
authors who have thrown their ailment to either 
one side or the other of this question, we may note 
that Munk has laid considerable stress on the cases 
of survival after the removal of the thyroid and 
parathyroid glands and he states that in his opinion 
the tetany observed in such cases is the result of 
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nerve injury; a statement that is disproven by the 
numerous experiments in which a single parathyroid 
left behind will protect the animal from tetany de- 
spite extensive trauma. 

CHRONIC DISTURBANCES DUE TO PARTIAL LOSS OF 
THE PARATHYROID GLANDULES. 

In the emphasis that has been put upon the tetany 
following the complete loss of the parathyroid glands, 
nutritional disturbance following parathyroid oper- 
ations has been given scant attention, although 
trophic disturbance following interference with, 
but not complete loss of, these glandtJes has been 
casuistically noted since the time of Gley, who stated 
that in both dogs and rabbits he had sometimes 
observed only nutritive disturbances after parathy- 
roidectomy. 

Vassale and Generali noted that one of their 
parathyroidectomized cats survived for two months 
with symptoms of chronic cachexia. Pineles de- 
scribed trophic disturbances in the ape consisting of 
falling of the hair, anemia, skin ulcers and cedema 
of the upper eyelids (in these cases thyroid as well 
as parathyroids was removed). Also in cats fol- 
lowing similar operation apathy and trophic dis- 
turbances were observed by this author. Walbaum 
recounted cachexia appearing in rabbits with nutri- 
tional disturbances, especially roi^hening of their 
coats, in the course of his experiments. Segale in- 
sisted that we must regard cachexia as depending 
especially on the removal of the parathyroid glands. 
MacCallum has observed cachexia as a result of para- 
thyroid removal in certain of his dogs, and in three 
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sheep he reported that a marked emaciation and 
apathy followed parathyroid removal. Vincent and 
Jolly noted cachectic symptoms in a number of 
their animals operated on. 

Pinto found that while a total ischemia of the 
thyro-parathyroid apparatus was followed by tetany 
in from sixteen to thirty-one hours, if it was longer 
continued, symptoms of tetany and cachexia or only 
pure symptoms of cachexia were observed. 

The work of Erdheim, who obtained chronic nutri- 
tional disturbances, especially enamel defects leaff- 
ing to fracture of the teeth, in parathyroidectomJzed 
rats, is especially significant along this line. We 
have already quoted his results at length. 

That disturbances of a trophic nature may occur 
in connection with partial loss of parathyroid tissue, 
then, is a well established fact, and its occurrence, 
apart from tetany, has been especially studied by 
Thompson and Leighton, in twenty dogs. In these 
animals the parathyroids were gradually destroyed 
by mass ligation instead of excising them as had 
been done by previous experimenters. These authors 
state: "Following the ligation of the parathyroid 
glandules in the dog one of two things may happen : 
(a) Functioning islets of gland tissue may persist, 
keeping the dog alive for a considerable length of 
time ; (b) The glandules may eventually be replaced 
by dense fibrous tissue and the dog die. In either 
event a train of symptoms of a trophic nature arises, 
entirely different in character from the severe acute 
tetanic manifestations that follow complete para- 
thyroid excision in these animals." This brings two 
■facts into prominence that ere worthy of note. 



yGoot^le 



POSTOPERATIVE TETANY 



;i()7 



First, which is important for practical surgery, that 
ligation of the parathyroids, whereby they are left 
in situ with their usual blood supply destroyed, does 
not always destroy the glandules and is not the same 
thii^ as excision. Second, that by this ligation of 
the parathyroids, disturbances of nutrition, which 
may ultimately end in death, can he brought about 
without producing any tetanic symptoms whatso- 




forty-efeht days. Death in cachexia wUii no tetany followed this 
■ mplete destruction of parathyroid tissue. 



_^ W, althoi^h the death can be definitely proven 
TO'te due to loss of the parathyroid glands. 

In these experiments the glandules, after partial 
separation from thyroid or capsule and identification 
of the parathyroid artery, were lifted up by wide rat- 
tooth forceps, which were crushed into the under- 



CiOQt^le 



308 PARATHYROID GI.AN'DS 

lying thyroi-d tissue, and a strong linen ligature passed 
around the whole mass. This procedure seemed to 
approximate the conditions of accidental injury that 
might occur in connection with thyroid operations 
whereby granulation tissue could form from in- 
jured tissue about the paratlivTOids. 

The following is a brief summary of the results ob- 
tained in these dogs where chronic death with nutri- 
tional disturbances replaced the tetany that usually 
occurs subsequent to loss of the parathyroids. 

Operation: ligation of two parathvToids on right 
side. Removal of thyroid (with parathyroids) on 
left side. Dog recovered from operation and showed 
no symptoms for several days. On fifth day ani- 
mal slept a good deal and took food sparingly. 
On the sixth day dog appeared weak and refused 
food. Died on the seventh day very quietly, but 
with the development of a slight tremor just before 
death. Microscopic examination of the ligated para- 
thyroids showed them to be replaced by fibrous 
tissue. 

Operation: ligation of two parathyroids on right. 
Removal of thyroid (with parathyroids) on left. 
Dog recovered perfectly froni the operation and 
hved thirty-three days. During this time it pro- 
gressively lost in weight and strength. The animal 
lay curled up in his cage in an apathetic condition, 
refused food, and was finally found dead. At autop- 
sy the ligated glandules were foimd completely re- 
placed by fibrous tissue. 

Operation: five parathyroids found {the left ex- 
ternal double) and aU ligated. Despite the appar- 
ently complete operation the dog showed no acute 
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symptoms. The animal lost rapidly in weight, how- 
ever, and a sl^ht conjunctivitis developed. Forty- 
four days after first operation neck was again opened 
and a laige (hypertrophic?) parathyroid found on 
the right (evidently analogous to the double glandule 
of the left side) that had escaped at the first opera- 
tion. This was ligated. Ligatures of the previous 
operation in place and only connective tissue thick- 
ening to be seen macroscopicaUy about them. Neck 
closed up. Dog soon began to show marked weak- 
ness, could scarcely stand on his feet a few days 
after the operation, and took food sparingly. De- 
spite this great emaciation and weakness the dog 
remained in this condition for eighteen days, getting 
toward the end so weak it was difficult to tell whether 
it was living or dead. The animal lay curled up and 
sleeping for days without change of position and with- 
out taking food. Finally found dead in this position. 

The conclusions reached as a result of this work, 
are: "Following the gradual destruction of the para- 
thyroid glandules in the dog a train of symptoms 
arises different from those obtained by parathyroid 
excision. After ligation of all parathyroid tissue the 
dog passes the time limits of tetanic death that 
occurs after excision of the glandules, practically 
without symptoms. Gradually, however, chronic 
symptoms, trophic in nature, arise. These consist 
in gradual but progressive loss of weight and strength, 
greatly diminished resistance to infection, and a final 
stuporous condition ending in death without tetany. 

These nutritional disturbances are as marked when 
the thyroid is not injured as they are when the thy- 
roid is removed on one side. 
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These observations should lead to a modified con- 
sideration of diseases that are supposed to be hypo- 
parathyroid in origin, and suggest a revision of the 
epitomized statement of Jeandelize, "that insuffi- 
ciency of the thyroids causes nutritional disturbances, 
while insufficiency of the parathyroids causes 
acute convulsive troubles." The preferable state- 
ment regarding the parathyroids as the result of 
this work is, that while sudden loss of the parathy- 
roids results in acute convulsive troubles, slow de- 
struction of the same gives rise to chronic nutritional 
disturbances, which eventually end in death without 
tetanic manifestation. 

The recent observations of Iselin on the disturb- 
ances of nutrition, and even the prevention of devel- 
opment, in young rats following partial parathy- 
roidectomy make necessary the consideration of 
these bodies as having an influence on retarded body 
development . 
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SURGICAL ACCIDENTS IN MAN DUE TO 

REMOVAL OF THE PARATHYROID 

GLANDULES. 



Let us now return to the more practical side of 
this question, namely: what role do the parathyroid 
glands play in the tetany sometimes observed after 
operations on the thyroid gland in man ? Accidents 
following such operations, to which we have already 
casually referred, have fortunately been reduced 
to a minimum, but formerly they were not so rare. 

Weiss, in 1883, was able to collect thirteen cases 
of postoperative tetany from the literature. He 
maintained that the symptoms were the result of 
injury to the blood vessels and their accompanying 
sympathetics. Because of the injury to these an 
irritation was set up in the anterior horn of the spinal 
cord which expressed itself in the tetanic symptoms. 
This theory, with certain modifications, had some 
supporters until the work of Reverdin and of Kocher 
appeared. 

Reverdin and Kocher demonstrated that the symp- 
toms were a result of the goitre removal and that one 
was able to escape tetany and cachexia strumipriva 
by leaving in place a part of the thyroid gland 
The part naturally left behind was the posterior bor- 
der and therefore by this method the parathyroid 
glands were not sacrificed. The importance of this 
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observation may be emphasized by the fact that 
before that time such observations as the ten cases 
of tetany in thirty-t-ight thyroidectomies by Billroth, 
three cases out of st-venteen operations by Reverdin, 
and four cases tmt of seven by MikuHcz were re- 
ported. 

It was no longer ago than the early eighties that 
such reports as the preceding, and such graphic 
descriptions as follows, might be read as the result 
of thyroid operations: "Some days after thyroid- 
ectomy, ordinarily on the third or sixth day, some- 
limes a little earlier or later" (at the end of four 
months in a case of Kocher's), "the patient was 
seized with convulsions of the extremities, more often 
the superior, which were sometimes preceded by 
tingling in the fingers or twitching of the muscles. 
Usually chronic contractions appeared, the hands 
closed with such violence that the nails often pene- 
trated the skin. The limbs wer.' sometimes con- 
tracted so that it seemed they wert; going to break; 
even the diaphragm was at times involved." 

Kochcr has noted epileptiform crises of short 
duration, followed by loss of consciousness. Crises 
renewed themselves as often as fifteen times a day. 
Sometimes the tetany ceased rapidly after a duration 
of eight to fifteen days, or at times it was prolonged 
for months and years with remissions. Death in 
these cases seemed to result from a dyspnoea which 
was not allayed by tracheotomy. 

It was sometime before the fact v\-as brought to 
light lliat these postoperative tetanies in man were 
due not to the loss of the thyroid gland, but to the 
loss of the parathyroid glands. And the acceptance 
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of the functional significance of the parathyroids 
has been brought about only by a great amount of 
work; to the finishing touches of which we are es- 
pecially indebted to the Vienna School. Biedl, 
Eiselsbej;g, Erdheim, and Pineles may be mentioned 
among those who have given special attention to 
this question. 

Among the first to study the relation of the para- 
thyroids to goitre was Benjamins, who examined the 
parathyroids in twenty cases of goitre which had been 
dealt with surgically. While he found no histologic 
changes in the parathyroids, as we have previously 
noted, nevertheless he brought forward certain clini- 
cal observations relating to the removal of these 
glands. Out of nine cases in which clinical histories 
were obtained, parathyroids were found in five that 
had been removed with the thyroid; in the other 
four cases the parathyroids had not been removed. 
Of the former five cases only one failed to develop tet- 
any; of the latter there was no tetany in any of the 
cases. 

This was in 1902, and it was about this time that 
Jeandelize made his significant statement that in- 
sufficiency of the thyroid causes chronic nutritional 
disturbances, while insufficiency of the parathyroids 
causes acute convulsi\'e disturbances. This state- 
ment y\Rs at once upheld by Biedl, Pineles and 
Kocher. 

Pineles collected from the literature sixteen cases 
of tetany following partial parath3rroidectomy and 
with a clear idea of the relationship of the parathy- 
roid glands to postoperative tetany in mind, this 
author has given us a very complete discussion of 
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this question. He discusses separately the total and 
the partial thjToidectomies, and has collected fifteen 
cases in whicli partial removal of the thyroid gland 
was followed by more or less severe symptoms of 
tetany. These cases are tabulated as follows: 



Slum an.. . 
Hoffman.. 

TucetU.. . 



Westphal- 

Eiaehberg . 

Eiselsberi; 
Eiselsberg 

Meinert. , . 



Kummer... 
Eiaelaberg. 
Schilling. . . 



Bruns 

Ei-iielsberg , 



Lateral thyroid lobes . . . 

Both thyroid lobes 

Both thyroid lobes 



Sparing of isthmus and 
upi>cr pole 

Sparing of isthmus and 
one upper pole 

Sparing one upper pole. . . 

Sparine one upper pole. . . 

Right (aleral lobe 



Right lateral lobe 

Right lateral lobe 

I., lateral and middle 



Tetany | 
appeared after' Tetany — Coi 
Operation tiuued 



Fourth day. , 
Third day..., 
Kfth day 



l^econd day. . 
Fourth day. , 
Fourth day. , 
Fourth day . . 



Four mouths. 
Fifteen days. 
Died on eighth 

day. 



Seven days. 
Ten days. 

Fourteen days 



pregnancy. 
One year. 



day. 
Mild 



It is to be noted that in the first six cases only the 
isthmus of the th>Toid was left behind. The lateral 
lobes of the gland on both sides were removed where- 
by a good opportunity for remo\-al of parathyroids 
was offered. Likewise in the second group where 
the isthmus and the uppermost part of a th3Toid 
lobe were spared parts were unfortunately selected 
that were not in relation with the parathyroid glands 
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and no protection was ofiEered these bodies by leaving 
such portions of the thyroid behind. Why tetany 
should arise in the last three cases where a lateral 
thyroid lobe was spared in one side is not easily 
accounted for, but an examination of the detailed 
reports of these cases shows that in the first the oper- 
ation was undertaken durir^ the course of preg- 
nancy; in the second the thyroid lobe left behind is 
described as very small ; and in the third only a mild 
tetany was present which cleared up completely in 
nine days. 

From these observations Pineles concluded that 
it is the same in man as in animals, that when the 
parathsrroids are spared no tetanic symptoms follow 
a thyroid operation. The cases developing tetany 
are those in which such parts of the thyroid only 
were spared as did not protect from removal of the 
parathyroid glands. This view was supported by 
Escherich who clinically confirmed the rarity of 
tetany following operations, in which loss of these 
glandules was more carefully guarded against. 

Kocher has strongly differentiated between the 
symptoms arising from thyroid insufficiency, and 
those the result of parathyroid insufficiency. The 
latter symptoms he classifies as an intoxication, 
making its appearance as a tetania parathyropriva . 

Perhaps the most practical contribution to this 
important question is the work of Erdhcim, who 
examined histolc^ically in serial sections the neck 
organs in three cases from patients dying of tetany 
after partial double thyroidectomy. In all three 
cases, although some of the thyroid had been left 
behind, all four parathyroids had been removed 
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(in one case two very liny accessorj- parathyroids 
werv present). From this unequivocal result Erd- 
heim concludes that it is the plain duty for the sur- 
geon of the future to assure himself that the para- 
thyroid glands are spared in thyroid operations. 

The rarity of tetany today following such opera- 
tions is due to the technical methods by which the 
thyroid is* now removed. Especially to be com- 
mended is the subcapsular procedure of Dr. C. H. 
Mayo, which was suggested primarily to avoid injury 
to the recurrent laryngeal nerve, and the ultra liga- 
tion of the thyroid arteries as is recommended by 
Halsted. So it has come about, as we have noted 
in detail in the first chapter, that tetany following 
thyroid removal has been reduced to less than. one- 
half of one per cent for all cases. 

In discussing the paper of Erdheim, Eiselsberg re- 
ports that up to 1890 there were in his clinic tweK"e 
cases of tetany as a result of complete thyroid ex- 
tirpation. In four of these cases the patients died 
with violent symptoms; three had chronic tetany 
which kept recurring, and one recovered. In eighty 
partial extirpations there were only two cases of 
tetany and those were not severe. Since 1890 he 
had observed only one case of deadly tetany but 
there had been sixteen light tetanies following goitre 
operation. 

In this country postoperative tetany is less fre- 
quently encountered. Frazier reports the result of 
personal inquiry from fifty-four surgeons represent- 
ing from 1,500 to 2,000 goitre operations. Only 
eight cases of tetany- were reported, three of which 
were fatal. Of the remaining five, one was transi- 
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tory, and one was described as a slight case. C. H. 
Mayo had had but one slight tetany in connection 
with his numerous goitre operations. 

Kocher reports that in his last 1 ,000 goitre opera- 
tions tetany has been observed only five times. 
Moreover, these five cases were all secondary opera- 
tions where firm connective tissue adhesions compli- 
cated the operative technic. 

Even when tetany has occurred following goitre 
operation a means is now offered for its control by 
the administration of parath3nroid gland extracts, 
calcium salts and transplantation; the details of 
which will be considered in a later chapter. 
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CHAPTER XrX. 



THE RELATION OF THE PARATHYROID 
GLANDS TO MEDICAL TETANY. 



A loss of parathyroid function was first suggested 
by Jeandelize as the cause of tetany in adults and 
later emphasized by Pineles, \vho grouped tc^ether 
thjToid tetany, occupation tetany, tetany of child- 
birth, children's tetany, andgastrictetany. Thisidenti- 
tyof different forms of tetanywasacceptedbyChvos- 
tek, who stated that for all, only one cause could be 
considered, namely, functional diseases of the para- 
thyroid glands. 

It is vkU to have a definite subdivision of these 
various tetanies in mind for purposes of discussion, 
and the following grouping of Franld-Hochwart is 
perhaps the best. This author divides the tetanies 
as follows: Tetany following or accompanying cer- 
tain infectious diseases. Tetany in cases of gastric 
dilatation with stagnation of the stomach contents. 
Tetany in infants and children. Tetany occurring in 
connection with certain trades (Arbeiterstetanie). 
Tetany associated with osteomalacia, and rickets. 
Tetany occurring in the course of pregnancy and 
lactation. 

In all these tetanies there is an increased excitabil- 
ity of the central nervous system which is showTi by 
quantitative tests with faradic and galvanic currents, 
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hypersusceptibility of the facial nerve being usually 
easily demonstrable. There may be spasmodic rigid- 
ity of the muscles, sometimes with such violent 
twitchingsasto constitute an epileptiform convulsion. 



Fig. 73. On the left, mast 
nei^tion with the parathyroid 
fragmenta are not uacommoti in 
parnthyroids tliemselves. 





33 of tbymas tissue are seen in coii- 
;laaduleE. These aberrant thymua 
infants nnii may be mistaken for the 



Fibrillary tremors of the tongue and rigidity of the 
jaws may be present. Quickening of the pulse and 
elevation of the temptratiire are sonu'times observed. 
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Pinelcs was one of the first to call attention 
to the uniformity of symptoms in postoperative 
tetany in man and animals on the one side, and in 
the different forms of idiopathic tetany on the other 
side. This imifomiity, according to Pineles, points 
towards a specific intoxication common alike to all 
these various tetanic forms, and he brings forward 
as the causal factor in these conditions insufficiency 
of the parathyroid glands. 

Chvostek has accepted the view of Pineles con- 
cerning the general identity of all forms of tetany, 
the cause of which may be found in the functional 
disturbances of the parathyroid glands brought 
about usually by disturbances of circulation in these 
organs. The typical symptoms can arise through 
a special poison which so acts that a specific tetanic 
reaction may be brought about in a susceptible in- 
dividual by an injury, which in another person 
would not give rise to tetany. This susceptibility 
to tetany may be congenital or acquired. 

Chvostek also believes that tetany, just like goitn?, 
is epidemic in certain localities and preponderates 
especially at certain definite seasons. Tetany is 
frequent, for instance, in Viemia and Heidelbei^, 
while it is rare in Paris, although some years ago it 
was common in that place. In Vienna tetany is 
most frequently observed in the months of March 
and April, occurring most frequently in shoemakers 
and tailors. Chvostek states that there is a definite 
antagonism between goitre and tetany; tetany being 
rare in regions where goitre is endemic. In the 
Tyrol, where goitre is endemic, tetany is extremely 
rare. In a later article Chvostek states that he re- 
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gards mechanical hypersusceptibility of nerves, first 
the facial, as an easily demonstrable and essential 
symptoms of disease of the parathyroids, a fine test 
which shows fimctional disturbance of these bodies. 
The appearance of the facial phenomenon in cases 
of pulmonary tuberculosis can be explained by the 
view that tuberculous lesions are in the apex and 
thus affect the parathyroids. Chvostek's view is 
supported by the case of Stumme in which a distinct 
facialis phenomenon was benefited by the removal 
of a tuberculous parathyroid during thyToidectomy 
on account of goitre. 

In this connection a case that can be included in 
the tetany accompanying infection is reported by 
Camot and Delion, who observed during the terminal 
period of a pulmonary phthisis various convulsive 
movements, with loss of consciousness, which lasted 
several days. The autopsy showed absence of men- 
ingitis, the kidneys were practically normal, the 
thyroid was sclerosed, but especially interesting was 
the condition of the parathyroids. The inferior 
glandules showed sclerosis and infiltration, the right 
superior was not found, the left superior showed ex- 
tensive caseation. 

Frankl-Hochwart has called attention to the fact 
that persons who have had tetany usually continue 
to show some symptoms during the rest of their 
lives. 

Gastric Tetany. ^In ^'astric tetany MacCallum 
has found what appears to bi' evidence of hyper- 
function of the parathyroids. In this case five glan- 
dules were found, rather large in size, which showed 
especially large groups of functioning cells, as well 
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as a considerable development of mitotic figures in 
the principal cells, The author suggested that in 
this case the enormously dilated stomach elaborated 
more material than the parathyroids were normally 
callfd upon to neutralize, and that this failure of 
neutralization of the toxin gave rise to the severe 
tetany from which the patient died, 

Koenigstein also reported a case of gastric tetany 
in which similar changes in the parathyroids were 
found, as well as characteristic tinctorial reactions 
to iodine and Best's glycogen stain that could not 
be observed in normal glands. 

In opposition to this concept Erdheim foimd the 
parathyroid glands perfectly normal in two cases of 
gastric tetany. The first patient was a thirty-eight 
year old woman, the second a fifty-foiu- year old 
woman. Autopsy showed marked stomach dilata- 
tion in both cases and in both cases the functioning 
cells of the parathyroids (in contradistinction to the 
previous cases), were relatively few. 

Kjnnicutt has reported a case of gastric tetany 
in which the parathyroid glandules (examined by 
Opie), exhibited no abnormality. In this case the 
tetanic symptoms were promptly reHeved by cal- 
cium salts, but parathyroid nucleoproteid given by 
the mouth had practically no effect on the nervous 
system. 

Pfeiffcr ani.1 Mayer have tried to produce gastric 
tetany in th>.' dog but without success. 

Children's Tetany. — We have already noted cer- 
tain lesions (hemorrhage) of the parathyroid glands 
tliat have been found in childn'n exhibiting tetany. 
It appears that the paratluToids of the infant are 
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disposed toward hemorrhage, which may especially 
be brought about by intrauterine asphyxia. Erd- 
heim has observed hemorrhage in three cases of in- 
fant's tetany, and suggests that while the lesion 
does not necessarily bring on this condition it pre- 
disposes to it. In one of this author's cases, dying in 
typical tetany, hemorrhage was found in all four 
parathyroid glands. 

Koenigstein has also observed changes in the para- 
thyroid glands in two cases of children's tetany con- 
sisting in relative increase in size, hemorrhage and 
tinctorial diflerences in the iodine and glycogen re- 
actions. 

Thiemisch foimd the parathyroids normal in three 
cases of children's tetany. These cases have been 
criticised, however, as not being representative cases 
of this condition. 

Verebely describes two cases of hemorrhage in the 
parathyroids of children in which there was no tetany. 
Escherich describes a case of tetany in a seven year 
old boy, occurring in the course of a tuberculous men- 
ingitis, in which the parathyroids showed marked 
degenerative changes which might well have led to 
impairment of function. This author believes that 
the parathyroid theory of tetany explains in a very 
positive manner the enormous frequency of tetany 
in the earliest period of life, and he calls attention 
to the fact that it is not necessary to demonstrate 
anatomic changes in the parathyroids in all instances, 
for a functional deficiency may easily occur without 
histologic changes being demonstrable. 

One of the most valuable studies, and one of the 
most convincing as ngards the parathyroid origin 
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of tetany, is that contributed by Yanasse. He ex- 
amined the parathyroids in eighty-nine children 
showing tetanoid conditions, particularly galvanic 
changes in the peripher«l nerves. Hemorrhages in 
parathyroids were found in thirty-three cases, (37 
per cent). Yanasse asserts that the hemorrhages are 
acquired mainly in postfetal life, perhaps as with 




l-ig. 74, A parathyroid glaiwlule of the sclerotic ty|)e, from a case 
of infantile atrophy. The dark inui^eti reiircseiit the Parenchyma; 
the light areas the incrcasitl connective tissue. Above (o) is thyroid 
gland. Below {e) is a remnant of the tisi-iie cmititiuniis with the intcr- 

atapuiiirglurid, (.M;i);iiiiied lOfi,) 

pleural and pericardial ecchynioses, at the time of 
birth. Hemorrhages in these glands can be demon- 
strated with certainty only during the first year of 
life; after this the possibility progressively becomes 
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smaller and after the fifth year one cannot say from 
histologic study that hemorrhage had ever occurred. 
Late hemorrhage, in older children or adults, seldom 
occurs. Yanasse divides the fifty cases in which the 
electrical reaction was determined into four groups: 
Normal galvanic reaction, thirteen cases. In twelve 
there were four each, in one three parathyroids. 
Hemorrhage was found in none. Group 2. Anodal 
irregularity, twenty-two cases; hemorrhage in twelve 
or 54 per cent. In the ten other cases the age must 
be considered. Of the twenty-two, nine were in the 
first year of life and aU showed hemorrhages. Thir- 
teen were above one year and hemorrhage was found 
sparely in three and was absent in ten. Therefore, 
all ten of the negative 'cases were of such age that 
signs of hemorrhage could have disappeared. Hem- 
orrhage was found in eight, or 61 per cent. The other 
, five were all over one year. Group 4. Two cases, 
one of tetany with meningitis in a child of two and 
a half years, and one of muscle cramp in a child of 
three months. Hemorrhage was found in both. 
Eleven (ten imder one year), of thirty-nine cases in 
which the electrical reaction was not taken showed 
hemorrhage. Certainly it was not accidental that 
all cases with normal reactions had normal parathy- 
roids and that aU cases with hemorrhage, that were 
tested electrically, showed abnormal reactions, or 
clinically forms of spasm. Yanasse concludes that 
between parathyroid hemorrhage and tetany there 
is doubtless a connection. The question is, what is 
this connection? His explanation is as follows: 
It has been proved experimentally that the parathy- 
roids are poison-destroying organs whose principal 
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function most probably is to neutralize metabolic 
poisons which are detrimental to the nervous sys- 
tem. Therefore we must recognize in metabolism 
the origin of the so-called tetany poison, in the nerves 
the principal tissue attacked by it, and in the para- 
thyroids the organ that neutralizes this poison. The 
total loss of parathyroids causes in man and animals 
tetany of which the clinical picture is essentially 
like that of other forms of tetany. Hemorrhage in 
the parathyroids does not totally destroy, but only 
partly damages the glands, hence it is not the actual 
cause or alone the cause of tetany but it can so act 
as finally to produce that affection. The poison in- 
creases because the parathyroids damaged by hem- 
orrhage no longer exert their usual fimction. Only 
in this way can be explained how parathyroid hem- 
orrhage early in postfetal life leads in many cases to 
tetany much later in the life of the affected in- 
dividual. 

Rickets and Osteomalacia.- -It is quite recently 
that the suggestion has been made that there may 
be some relationship betv^-een the parathyroid gland 
and these diseases. In the course of both diseases, 
as is well-kno\\Ti, tetany may occur. The most im- 
portant fact that has been developed in this line is 
the observation of Erdheim, who noted the changes 
in the teeth of rats which we have previously chron- 
icled. Moreover, in these diseases there is obviously 
some profound disturbance of calcium metabolism, 
and MacCallum has sho\\"n the intimate relation that 
exists between the parath>Toid glands and calcium 
metabolism. It is from this latter observation that 
we may hope to solve this question rather than from 
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any distinct chaises that have been observed in 
the glands, although such have been noted. Erd- 
heim found in an autopsy on a case of osteomalacia 
a noticeable hypoplasia of the parathyroids, but in 
a second case these glandules were entirely normal. 
Hecker, who has disctissed this relationship, thinks 
that there is probably some disturbance of the para- 
thyroids in both osteomalacia and rickets and calls 
attention to the fact that lack of calcium in the or- 
ganism leads to tetany and that calcium metabolism 
is doubtless influenced by the parathyroid glands. 

Kassowitz has suggested that rickets might be the 
underlying basis of the tetany of children and Esch- 
erich has suggested congenital parath3TX)id hypo- 
plasia as an etiological factor in rachitis. 

Weichselbaum states that he has found noticeable 
enlargement of the parathyroid glandules in rachitis. 

The chronic nutritional disturbances on which we- 
have laid so much emphasis that have been proven 
in animals to be a result of the inipairment of the 
function of the parathyroid glands must also be 
borne in mind in considering the parathyroid etiolc^y 
for these diseases. From a morphological stand- 
point, however, we have little ground for such as- 
sumption. Schmorl who has examined the para- 
thyroids in six cases of rickets found no changes. 
In three out of four cases of osteomalacia the para- 
th3'roids were also normal, but in the fourth case one 
hypoplastic glandule was found. 

Eclampsia, Tetany of Pregnancy and Lacta- 
tion. — ^The role of the parathyroids in the tetany 
of pregnancy was one of the first suggestions point- 
ing towards the ftmction of these bodies. Vassale 
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and Generali, in 1S96. noted that partially parathy- 
roidectoniized aninoals, which usually showed only 
light and transitory tetanic symptoms, were apt to 
develop severe tetany during pregnancy and the 
puerperium. Vassale removed from a dog three of 
the four parathyroids. Eighteen months after the 
operation the dog gave birth to eight puppies. On 
the fifth day of lactation it was taken with severe 
convulsions which seemed to be relieved by taking 
away several of the puppies and feeding with thyroid 
extract. The convulsions were renewed, however, 
and combated anew with the thyroid extract, 
which was continued to the end of lactation and the 
dog recovered. 

Verstraeten and Vanderlinden had previously 
noted in a thyroidectomized cat, (partial para- 
thyroidectomy), the appearance of eclampsia at the 
time of parturition, three months after the operation. 
ITie symptoms were severe but were ameliorated by 
subcutaneous injections of fresh shceps' thjToid. and. 
following accouchement, the animal recovered. 

Lanz has also observed, without any apparent 
thought of the parathyroids, that pregnant cats 
can not withstand so great a loss of thyroid as the 
non-pregnant animals. He noted that after a con- 
siderable amount of the thyroid gland had been re- 
sected (which probably included several of the para- 
thyroids), the pregnant cats frequently developed 
severe tetany. Halsted found that a pregnant dog 
from which the thyroid had been removed (thyro- 
parathyroidectoniy), was taken near the end of 
pregnancy with tetany and died. 
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Lange, also operating on cats, who removed fotir- 
fifths of the thyroid (including of course a consider- 
able amount of parathyroid tissue), noted that out 
of ten pregnant animals five died in coma, three 
after having shown convulsions. The author de- 
scribed renal and hepatic lesions in these animals. 

Moussu criticised the preceding experiments on 
the ground that the thyroidectomy probably pro- 
voked renal lesions which ■were responsible for the 
eclampsia. He performed the same c:^riments on 
four goats (thyroidectomy), three of which came to 
accouchement without accident save for a transient 
albuminuria in one; the fourth suffered from severe 
convulsions during the third month . of the preg- 
nancy (twenty-five days after the operation). These 
experiments of Moussu are in favor rather than 
against the parathyroid theory of eclampsia for in 
the goat one can remove very frequently the entire 
thyroid without notable interference with the para- 
thyroid function. His experiments are more to be 
criticised, as well as those of Pinelcs, Gross and Zan- 
frognini, on the ground that they were undertaken 
on already pregnant animals. 

Perhaps the most important contribution to this 
question is the extensive work of Thaler and Adler, 
who operated on forty female rats, which they ob- 
served carefully for two hundred days. The animals 
m gestation suffered always a severe tetany following 
even a relatively small loss of parathyroid tissue, 
while the non-gravid animals suffered little or no 
tetany from a similar operation. In another series 
of experiments non-gravid rats were parathyroid- 
ectomized and watched for the appearance of grav- 
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idity. Out of four of the animals from which one 
parath}Toid was removed, three later became gravid 
and two of them died from tetany. Of twenty ani- 
mals with only half a thyroid fourteen became gravid 
and died without exception in typical tetany. The 
tetany usually began in the last third of thepregnancy 
and the non-fatal cases ended with parturition. 




Fig. 75. Chronic paratliyroiditis. The epithelial cella are crowded 
together with loss of original structure and connective tissue greatly 
increase!. 



This significant work of Tlialcr and Adler was 
suggested by the work of Erdheiin on rats which we 
have pn'viously quoted. In that work Erdheim ob- 
served one animal, having a large accessory para- 
thyroid (both parathyroids had Ijcen removed), 
which remained free from tetany until it became 
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pregnant, when it suffered typical tetany and pre- 
mature delivery. In a following gravidity the tetany 
recurred and stopped with parturition, 

Frommer, after partial removal of the parathy- 
roids m rabbits has injected normal human placental 
tissue into the abdominal cavity, with the result that 
severe disturbances followed. In a gravid dog three 
parathyroids were removed and some tetanic symp- 
toms occurred ; five days after the operation, twelve 
grams of human placenta was introduced into the 
peritoneal cavity; fotir daj^ later during parturition 
severe tetanic symptoms appeared but the animal 
later recovered. The three ofEsprings died although 
apparently healthy at birth. He assumes from this 
that the parathyroids have an antitoxic function 
and that the placental tissue was toxic in this ex- 
periment because the antitoxic function that should 
have been supplied by these glands was removed. 

In a later article Vassale 'states it has been shown 
that in death from eclampsia either changes in, or 
congenital absence of, one or two parathyroids is 
found. Also clinical observations show that para- 
thyroid therapy gives relief against the convulsions 
in eclampsia. Moreover, work on cats and mice 
shows that latent parathyroid insufficiency in the 
last third of pregnancy produces experimental eclamp- 
sia. In two out of three dogs in which the para- 
thyroids were removed the author was able to pre- 
vent the eclampsia of pregnajicy by means of admin- 
istration of strong doses of parathyroids by mouth. 
The author believes the effects on the parathyroids 
in childbirth to be mechanical and not autotoxic 
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and that the longer the duration of the birth the 
more danger there is of eclampsia. 

Gross adds to a rather lengthy discussion of the 
relation of functional disturbances of the parathyroid 
glands to tetany the following two experiments: 
In two pregnant cats he removed three of the para- 
thyroids and left one behind. In the first cat mus- 
cular Iwitchings in the facial region were observed 
twenty-five days after the operation. Twelve days 
later the animal gave birth to healthy young, and 
the twitching ceased. The second animal showed 
no symptoms. 

We have already referred to rather slight anatomi- 
cal changes found in the parathyroids in cases of 
eclampsia by Pepere, Zanfrognini and Erdheira. 
These are too minute, however, to be given any 
marked consideration. 

Mossaglia, on the ground of experimental work, 
believes that the eclampsia is secondary to kidney 
changes. He states that parathyroid deficiency leads 
to diminished kidney function and albuminuria, and 
that it is the influence of the parathyroid, not di- 
rectly, but on the kidney that is responsible for this 
condition. Quadri holds a similar view. 

The recent work of MacCallum offers the most 
plausible theory for these forms of tetany. This 
author states that in the tetany that accompanies 
pregnancy and lactation the drain of calcium in the 
production of the fetus or on the secretion of milk 
may be so great as to cause tetany without lesion of 
the parathyroid glands. If, however, the fimction- 
ing power of these organs is impaired just so much is 
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the calcium content of the tissues diminished and 
tetany thtis the more liable to express itself. 

As to the general relationship between tetany and 
the parathjToid glandules, Rudinger has given the 
opinion, based on his own work as well as a study of 
the literature of the subject, that all forms of tetany 
rest upon a parathyroid insufficiency. To substan- 
tiate this theory the author removed the outer para- 
thyroids of cats after injecting them with such 
poisons as calomel, morphine, atropine, tuberculin 
and ether. Although the injection of the substances 
mentioned gave rise to no "nervous" symptoms, such 
as increased electrical excitability or other indica- 
tions of tetany, the injection plus the partial para- 
thyroidectomy, did give distinct tetany in some ani- 
mals and increased susceptibility to tetany in others. 
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PARATHYROID THERAPY. 



The evolution of out knowledge of the parathy- 
roid glands has come along in lexical sequence. At 
first we were concerned with the anatomy of these 
bodies ; then came the experimental work in animals 
revealing the results of their loss. This work was 
followed by a consideration of the application of 
this experimental knowledge to symptoms, post- 
operative and other, in the human, and finally we 
arrive at the stage when effort centers itself in an 
attempt to combat or modify these symptoms. 
Naturally with our present knowledge of organo- 
therapy at hand the use of the parathyroid glands 
themselves was first offered for such combat. 

Diet. — It was found after the first parathyroidec- 
tomies were performed that the severe metabolic 
disturbances arising from parathyroid excision could 
be modified by diet, to a slight extent at least. Fast- 
ing animals, it was foimd, failed to develop tetany 
as soon or with such severity as well fed animals. 
Feeding on a diet of bread, or of bread and milk 
seemed to be more favorable to the animal than a 
meat diet. Berkeley and Bcebe state that they have 
obser\-ed symptoms in an operated animal from one 
to fi\-e hours after a heavy meal of meat, and that 
they have occasionally made u.sc of this method to 
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bring on tetany at a favorable time for experimental 
work. These authors use this point to emphasize 
the toxin hypothesis of parathyroid tetany, bring- 
ir^ in as collateral evidence the fact that a meat diet 
predisposes to convulsions in those cases of preg- 
nancy which have disturbances of metabolism char- 
acteristic of the preeclamptic state. These authors 
state; "The nitrogen partitions in the urine in such 
patients are in most cases abnormal, with relatively 
high ammonia, high rest nitrogen, notable quanti- 
ties of kreatinin, but with diminished urea and 
kreatinin excretion. Such findings indicate severe 
nutritional disturbance, and the possibility of meta- 
bolic toxins being responsible for the symptoms in 
such cases is commonly accepted. The means of 
relief ia acute conditions by the very active stimu- 
lation of excretion through skin, bowel, and k'dney, 
through the use of the hot pack, diaphoretics, purga- 
tion, the high saline irrigation, vigorous diuresis, and 
occasionally by bleeding and saline infusion are all 
based on the belief that the symptoms are caused 
by an active toxic substance in the circulating blood. 
A similar method of treatment is of clinical value in 
the treatment of parathyroid tetany. The fact that 
under disturbed conditions of nitrogenous meta- 
bolism a meat diet gives rise to metabolic products 
which may provoke convulsions suggests that the 
meat diet has more than a passive role in producing 
the symptoms of parathyroid tetany." 

Parhon and Goldstein have found that maternal 
milk feeding prolongs life after thyroparathyroidec- 
tomy. Suckling kittens did not die so soon after this 
operaticm as kittens fed on a partial meat diet. 
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MacCallum supports the calcium deficiency hy 
thesis by the suggestion that the high content of 
calcium in milk is the factor that makes it a more 
favorable diet than meat for parathyroidectomized 
animals. 

We have ahrady referred to the fact that in the 
early study of the function of the thyroid the error 
was made that cimivora could not withstand the 
loss of that gland while herbivora bore its loss fre- 
quently without acute symptoms. This observa- 
tion, however, had nothing to do with diet but rested 
on a lack of knowledge of the anatomy of the para- 
thyroids. In the dog (camivora) removal of the 
thyroid included removal of all the parathyroids, 
while in the rabbit (herbivora) such removal did not 
include the two external parathjToids Avhich arv 
quite separate from the thyroid and therefore pro- 
tected the animal from tetany. 

Transfusion lias also been tried in animals exhi- 
biting tetany, on the ground that some poisonous 
material was circulating in the blood of the operated 
animal. MacCallum and Davidson introduced the 
blood of a normal dog into a dog witii tetany with 
the result that the symptoms rapidly and completely 
disappeared. The tetany recurre<l the next <!ay and 
the dog was bled and a considerable quantity of 
salt solution allowed to nm into its veins. This 
again stopped the tetany, but again it returned on 
the following day. The infusion was repeated with 
success, but the dog passetl gradually into a state of 
cachexia and died after several days. 

Colzi, Fano and Zanda and Cannezzaro have also 
noted the favorable influence of lileeding and trans- 
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fusion of blood from a normal animal on the symp- 
toms of tetany produced by thyroidectomy (thyro- 
parathyroidectoniy) . Fano and Zanda have also 
observed the same effects from infusion of salt solu- 
tion. These experiments were made before the re- 
lationship of tetany to the parathyroid glandules had 
been suggested. 

Pfeiffer and Mayer injected a parathyroidectom- 
ized dog with ox serum, beginning the day after the 
operation, during the latent period and again on the 
second, fifth and eighth day. Following the second 
and third injection, done while the animal was appar- 
ently at the point of death, was combined bleeding 
and the subcutaneous injection of warm salt solu- 
tion. This gave almost immediate relief which was, 
however, only temporary and the dog died. 

Parathyroid Therapy. — The therapeutic use of the 
glands themselves has been practiced extensively from 
the time the symptoms resulting from parathyroid- 
ectomy were first established. Vassalc obtained 
results from the use of thyroids in which parathy- 
roids were included in 1890, and his work was con- 
firmed by Gley in 1891. 

One of the most striking results, and one that later 
investigators have not been able to repeat, was that 
obtained by Lusena. This author kept a dog alive 
for four months after removal of the parathyroids 
by subcutaneous injections of parathyroid emulsions 
for eight days followed by transplantation of one 
parathyroid subcutaneously every fifteen days. It 
is to be questioned in this case whether the parathy- 
roids were completely removed. 
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Edmunds imports fct-diiij,' a large (Quantity of para^ 
thyroids to an animal in tetany practically without 
resiilt, and Vincent and Jolly state that they were 
unable to prevent the onset of symptoms in the 
complete operation by the use of thyroid or para- 
thyroid tissues. In general, however, the results of 
parathyroid feeding and injection show that the 
symptoms of tetany may be temporarily stopped by 
this measure, and even repeatedly, but that eventu- 
ally the animal succumbs. 

MacCalliun and Davidson report the following re- 
sults on four dogs. In the first, three parathjmsids 
from the cow were introduced intraperitoneaUy after 
tetany had begun; symptoms continued followed by 
emaciation, apathy and death in five days. In the 
second, beef parathyroid and morphine were in- 
jected subcutaneously; next day there was no tetany 
but the following day tetany recurred and the animal 
died. In the third, one intravenous injection of 
parath\Toid emulsion stopped the symptoms of tet- 
;niy hut five days later the dog died from an infec- 
I ion , The history of the fourth animal is interesting. 
Afi- V tlic development of tetany the parathyroids 
of tutnty dogs were injected into tlie jugular vein. 
'J'liiri slopped the tetany but it recurred and the para- 
tliyroids of thirty-seven dogs were injected. The 
symptoms did not return for three days and then 
tiie ])aratlijToids of twenty-two dogs were injected 
into the peritoneum. Again symptoms ceased only 
to ncur four days later when the parathyroids of 
righlcen dogs wt n- injected with the usual cessation 
of symptoms. Tliree days later the symptoms again 
recurred and no furlh'r supply of pirathjToids be- 
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ing available the animal died of tetany. This ex- 
periment seems to show very conclusively that the 
life of a dog can be maintained temporarily after 
complete parathyroidectomy by the use of a great 
amount of material, but that when therapy stops the 
S3miptoms recur and the animal dies. Cases that 
are reported as recovering permanently from symp- 
toms of tetany after the injection of one or t'n-o para- 
thyroid glands are undoubtedly cases in which the 
parathyroids were not entirely removed. 

Moussu was able to arrest postoperative tetany in 
dc^s by the subcutaneous and intravenous injection 
of extracts of the horse parathyroid. His results 
were only temporary as nearly all the dogs died 
later in a cachectic condition. Alquier and Theun- 
veny report similar results in dogs. 

Esterbrook was probably the first to administer 
parathyroid glandules to the human subject. He 
employed ox parathyroids in insane patients with 
no particular reference to symptoms of tetany, but 
merely to compare the results of parathyroid feeding 
with those obtained from the use of the thyroid 
gland. Esterbrook first gave one dried ox parathy- 
roid by the mouth every day for a week ; two glands 
a day were given the next two days, and three on the 
next three days. Then hypodermatic injections were 
administered. These were followed by glycerine 
extracts of the glands. In one case as many as nine 
parathyroids were given daily. From this treat- 
ment practically no effects were obtained; tempera- 
ture, pulse and respiration remained normal, urinary 
nitrogen nnd phosphoric acid showed no change. 
Only a slight increo.sc in pulse tension was observed. 
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These results were so different from the striking '' 
symptoms following the use of thyroid extract that 
the author assumed that the symptoms arising from 
parathyroidectomy were due to injury to the thyroid 
or its nerve connections rathtr than to removal of 
the parathyroids. 

In 1901 Moussu and D'Ausset at the Congress of 
Gynecology in Nantes, reported cases of tetany bene- 
fited by thyroid therapy (the internal parathyroids 
being included in the thyroid extract.) 

Scanning the literature since this time we find 
many favorable reports on the use of these glands 
in a wide range of diseases showing symptoms of 
tetaity. And while in many instances it does appear 
that their employment has been of real value, never- 
theless the suggestive effect of such treatment must 
be borne in mind. 

Va.'isale by the use of a parathyroid extract pre- 
pared in a special manner, the details of which he 
fails to disclost', reports Ix'neficial results when used 
eithtr by mouth or subcutaneously on cases of 
eckunpsia. infantile tetany and tpikpsy, and thinks 
it would be e(|ually efficacious in all varieties of tetany. 

Berkeley lias employed parathyroid therapy on 
eleven cases of paralysis agitans in various stages 
of the disease. Fie reports that nine of these patients 
showed improvement, tlie earlier cases especially. 
and one very early case considered himself nearly 
rclievetl while under tlie influence of the treatment. 
"All the patients reniarke<l upon a curious increase in 
courage, comfort and mental enei^y, while taking 
the R'medy." Castelvi has reported equally good 
results in this disease by the use of thyroid extracts. 
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Zanfrognini has employed parathyroid therapy in 
five cases of eclampsia with general improvement of 
symptoms. Michelazzi also reports favorable results 
in eclampsia from the use of parathyroids. 

Rensburg and Rey obtained completely negative 
results with parathsT^oid therapy in infant's tetany; 
and Spieler likewise had no result following the use 
of parathyroid tablets in this disease. 

LoewcnthEil and Wiebrccht have reported good 
results in many instances following parathyroid feed- 
ing in tetany. Marinesco has reported favorable 
results following the use of ox parathyroid in a seven- 
teen-year-old girl, suffering from exophthalmic goitre 
combined with intermittent tetany. 

Murraron reports having suspended epileptiform 
attacks in two goitrous cretins by the use of para- 
thyroid extract, and Mant and Shaw apparently 
cured by the same means a young girl of nine years 
suffering frum tetany in connection witli grave gas- 
tru-intestinal symptoms. 

Brandan reports a case where, after the removal 
of a. colloid goitre from a girl aged fourteen years, 
tetany develoix'd forty-eight hours after the opera- 
tion. By the use of subcutaneous injections of para- 
thyroid emulsion the symptoms disiippeared, and 
the patient has remained free from the same for one 
year. This phenomenon is explaiiied by the fact that 
the parathyroids were probably not all removed at 
operation, hut wert^ so damagei! that tlieir function 
was suspended temporarily, and that the parathyroid 
emulsion sustained the patient until the glandules 
resumed their nomiid work, possibly by compensa- 
tory hypertrophy. 
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Berkeley has relieved s3nnptonis of gastric tetany 
in a thirty-nine year old man by oral administration 
of fresh ox parathyroid. Putnam has reported ef- 
fective relief in a case of sui;gical tetany by the use 
of a similar preparation. 

Beebe was the first to prepare and administer a 
nucleoprotcid principle of the parathyroid gland, 
which has been quite active in dispelling the symp- 
toms of tetany. In a later paper Berkeley and Beebe 
give in detail the methods for preparing this ex- 
tract from beef parathyroids obtained by roughly 
trimming out the small mass of tissue containing 
the two superior glands. "The carefully cleaned 
glands were cut into small pieces with scissors, and 
the conuninuted tissue was then groimd to a fine 
pulp in a laige mortar with the help of enough sand 
to give the whole mass a moist, pasty consistency. 
The crushed glands were next shaken for two hours 
at room temperature with six to eight volumes of 
physiological s<nlt solution to which had been added 
two drops of ten per cent sodium hydroxide solution. 
The jar was now transferred to the refrigerator and 
the extraction allowed to continue for e^hteen to 
thirty-six hours. Filtration first through gauze, to 
remove the fat and coarser particles of tissue, and 
then through moderately thick paper gave a clear 
extract which was preserved bythe addition of chloro- 
form and kept at low temperature until biologically 
tested." 

It was shown that an extract so prepared relieved 
the symptoms of tetany in ri parath^xoidectomized 
dog in ten to fifteen minutes after injection. As 
this extract contained nucleoproteids, globulins, and 
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albumins it was decided to separate it still further, 
and it was divided into three portions. The first 
portion was precipitated by acetic acid, the second 
by half saturating the filtrate with ammonium sul- 
phate, and the third by complete saturation with 
ammonium sulphate. The precipitate from the first 
portion (nucleoproteid) was most abundant ; the sec- 
ond (globulin) was about one-fifth the first ; while the 
third (albumin) was so small that it was abandoned. 
The activity of these proteids is summarized by 
Beebe as follows: 

"1. The nucleoproteid of the parathyroid when 
freshly prepared is equal to the whole gland in re- 
lieving the symptoms of acute tetany in dogs. 

2. The globulin is of no value in relieving tetany. 

3. Boiling the nucleoproteid solution or heating 
it to 80 degrees C. for one-half hour completely de- 
stroys the activity of the nucleoproteid. 

4. The nucleoproteid is most active when freshly 
prepared and rapidly deteriorates when kept in solu- 
tion or in suspension at refrigerator temperature. 
Freezing also destroys its activity, although not so 
rapidly as room temperatures. 

5. Tryptic digestion or the action of pepsin and 
hydrochloric acid for forty-eight hours severely in- 
jures, but does not completely destroy, the activity 
of the nucleoproteid. 

6. The nucleoproteid will relieve tetany if given 
by mouth, but is much more quickly and certainly 
effective when given subcutaneously or intraperi- 
toneally." 

The results following the use of this parathyroid 
nucleoproteid are strikingly illustrated by its efficacy 
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in relieving tetany in thirty-two animals as detailed 
by Berkeley and Beebe, who report positive results 




Fig. 76. Traiisplaiilation of thyroid «ici paratliyruid into tliB 
tibia of a dog. Home tliyruid persists (at tlie edse of the section}, but 
the paratliyroid t)B3 undergone neciosis. The imiinal di(^ of cwhexik. 
with no tetany, although all other parathyriiid ti^ue had been re- 



in ninety-five per cent of the trials in which a com- 
paratively fresh preparation was used. The boiled 
proteid, and the globulin, however, always gave a 
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negative result. The digested proteids gave relief 
only when used in large doses. 

The clinical value of the nucleoproteid has also 
been proved in cases of post operative tetany in the 
human subject. Halsted reports that in a patient 
suffering greatly from subtetanic hypoparathyroid- 
ism as the result of two operations upon a large colloid 
goitre, tetany has for two years l:)een averted and 
the condition made endurable by the use of hypo- 
dermic injections of the nucleoproteid of the para- 
thyroid gland (Bcebe) and by parathyroid feeding. 

Pool reports a case of a yoimg woman who had 
had two thyroid operations. Despite the use of 
Vassale's serum and implantation of the parathyroid 
glands a typical tetany, which developed four days 
after the second operation, continued for thirteen 
months. Improvement was finally secured by re- 
peated administration hypodennatically of large doses 
of Beebo's nucleoproteid. 

Calcium Salts.^While the development of our 
knowledge of the parathyroid glands has Ijeen fraught 
with dramatic incidents throi^hout, a fitting climax 
was lacking until the discovery that the severe tet- 
anic symptoms arising from their removal could be 
instantly stopped by the administration of soluble 
calcium salts. And thus a new field of investiga- 
tion was opened which promises to lead to practical 
therapeutical results and to the throwing of new 
light on certain interesting features of metabolism 
in the human body. 

In the summer of 1907, Parhon and Urechie in 
the Revista Stiintelor Medicale published an article 
on the influence of the injection of sodium chloride 
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and calcimn chloride into animals that have experi- 
mental tetany. While they found that sodium salts 
increased the tetany of parathyroidectomized dogs, 
they made the important observation that one gram 
of calcium chloride dissolved in one-hundred cc. 
of water and injected into tht^ peritoneum held in 
check all acute symptoms. 

Independently, in March, 1908, MacCallum and 
Voegtlin published a communication on the relation 
of the parathyroid glands to calcium metabolism and 
the nature of tetany, which they have followed 
(1909), by a more lengthy and detailed accomit of 
their investigations in this line. 

These observations rest on the clinical studies of 
such conditions as rickets and osteomalacia which 
have suggested that tetany might stand in relation 
to disturbances in calcium metabolism; and further 
on the observations of J. Loeb and J. R. MacCallmn 
that the effects of various salts which cause muscu- 
lar twitching may be counteracted by calcium. More - 
over, the obser\-ation of Erdheim on the changes in 
the teeth of parathyroidectomized rats seems to have 
a bearing on this question. 

The use of calcium salts in tetany had previously 
been recommended, but without regard to the para- 
thyroid glands. Quest, as well as Silvestri and others. 
has called attention to the low calcium content 
in the convulsive stage of tetany, and Sabbatini 
noted that trisodic citrate solutions would cause con- 
vulsions and muscular twitching because they com- 
bine with the soluble calcium salts in the body fluids. 

Whether we accept this calcium deficiency hypo- 
thesis, or consider it only as a scconiiar>' factor in 
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the cause of parathyroid tetany we must admit that 
such a deficiency exists and that the restoration of 
calcium to the tissue will prevent the tetany due to 
parathyroid deficiency. 

The same effects can be obtained up to a certain 
extent by the use of soluble salts belonging to the 
same natural group as calcium, such as magnesium, 
barium, and strontium. 

MacCallum and Voegtlin were able to relieve the 
tetany of parathyroidectomized animals by injections 
of magnesium salts, but found it was too dangerous 
a salt to use on account of its depressant action. 
Berkeley and Beebe have found that the symptoms 
of tetany are relieved with nearly the same d^rce 
of promptness and completeness by strontium salts 
as by calcium salts. They use ten c. c. of a ten per 
cent solution of strontium chloride to a ten kilogram 
dog. On ten animals they found the effect of stron- 
tium salts differed practically not at all from the 
effects obtained by the use of calcium salts. These 
authors also found that barium salts will relieve 
tetany, but that they should never be given as a 
therapeutic measure because an efficient therapeutic 
dose is too near the border line of a fatal dose. 

Berkeley and Beebe, following the suggestion of 
MacCalliun and Voegtlin's first article, have tried the 
effects of calcium salts on a number of dogs, and 
while they agree with those authors that calcium 
quickly stops the symptoms of tetany, they consider 
that the symptoms are due to a metabolic poison, 
the abnormal excretion of calcium being an accom- 
panying phenomenon. They cite in favor of this 
hypothesis the fact that the symptoms have a ccn- 



yGoot^le 



34S 



PARATHYROID GLANDS 



tral origin; that symptoms are shouii Ijest in yotC 
animals, and arc more severe if the animal has been 
kept on a meat diet ; that the symptoms have a close 
relation to wrtain clinical conditions which are ac- 
companied by severe nutritional disturbances. More- 
over, that gastric tetany is acconifianied by severe 
metabolic tiistitrbance, it has similar symptoms and 
is promptly relieved by intravenous calcium injec- 
tions and by parathyroid nucleoproteid; that bleed- 
ii^, followed by iiitnivenous infusion, relieves tetany 
as well as does the ijijection of fresh parathyroid 
nucleoproteid. In addition injection of poisons such 
as ammonia and xanlhin produce symptoms which 
can be promptly relieved by ijijcction of calcium or 
strontium salts, and it is known that increased ex- 
cretion of ammonia follows complete thyroidectomy. 

The work of MacCallum and Voegtiin. which marks 
so important an epoch in our knowledge of the para- 
thyroid glinids, is exhaustivf and includes a consider- 
able study of metaljolistn in parathyroidectomizcd 
animals, as well as the neji^ative ctl'ccts of injection 
of sodium and potassium s;dts. An idea of the 
effects obtained l)y these authors by tlie use of cal- 
cium salts in dogs can iK'st 1k' olitained by quoting in 
detail several of their experiments. 

"Thyroparathyroidectomy; four days later violent 
twitching of mu.scles, pidse 1(10, respiration labored. 
Given ten c. c. of a five jxt cent solution of calcium 
aa'tate into jugular vein. Respiration iK'came rapid 
two hundred to minute, twitching rare but sharp. 
Twenty-live minutes after the injection, pulse was 
eighty, very irregular and slow. I)c^ Ihougiit to Ix' 
dying, occasional slight twitches. Next day dog 
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was found walking about and fairly well but was 
found dead the day after. In this experiment the 
animal was apparently restored to life from a mori- 
bund state, but the amount of calcium salt had not 
been large enough to remove tetany instantly." 

"Jannarj' 9, two parathyroids and one lobe of 
thyroid extirpated, no results. January IS, second 
lobe of thyroid removed. January 19, violent tet- 
any; at 11:30 given ten c. c. of five per cent calcium 
lactate subcutaneously. 11:35, respiration 240 

marked twitching, pulse 180, breathing very rapid 
and labored. 12:10, still tachypncea and twitching. 
1:10, respiration slowed, 40 to minute, muscular- 
twitching still marked. 1:30, respiration quiet; 
1 :32, twitching has almost disappeared, slight mus- 
cular tremor, walks about but looks dejected. 3:00 
p. m., respiration 24, pulse 124, dog is quite normal 
in appearance, no tremor nor twitching. Respirat ion 
perfectly quiet and animal has perfect control of 
himself and eats hungrily on iK'ing taken to cage." 

The effects of the administration of these salts are 
of course not permanent. The dog last cited, for 
instance, developed tetany again the next day. This 
temporary re'lief may Ix' of permanent value, as for 
instance in a casi- of one of Halsted's dogs in which 
tetany was tided over by the admiiiistration of cal- 
cium until a transplanted parathyroid Ixc^Einie able 
to function actively enough to prevent tetany. 

MacCallum and Voegtliii also cite eases in which 
an opportunity to observe the effect of calcium upon 
cases of tetany in human Ix'ings lias Iteen offered. 
In a cast-' of Miisser's in which violent tetany had de- 
veloped, following the removal of a malignant growth 
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of the thyroid, calcium lactate was administered in 
large and frequent doses. This caused the disap- 
pearance of the tetany in the course of one day, but 
with the cessation of calcium medication for two or 
three days the symptoms of tetany reappeared. 
Again they disappeared with the renewal of the cal- 
cium treatment. A second case occurring in the 
practice of a New York physician, responded to the 
administration of calcium salts in the same way. 
And a third case, of a little girl suffering from gastric 
tetany was completely relieved by the administra- 
tion of calcium. 

In the case previously cited of Halsted's, in which 
teta.ny had been averted for two years by the use of 
parathyroid gland extracts, the latter reports the 
same effect for the third year by the use of calcium 
salts. 

MacCallum and Voegtlin summarize the role of 
the calcium salts in comiecti(Mi with tetany as fol- 
lows: "These salts have a moderating influence up- 
on the ner\'e cells. The parathyroid secretion in 
some way controls the calcium exchange in the body. 
It may possibly be that in the absence of the para- 
thyroid secretion, substance's arise which can com- 
bine with calcium, abstract it from the tissues and 
cause its excretion and that the parathyroid secre- 
tion prevents the appearance of such bodies. The 
mechanism of the parathyroid action is not deter- 
mined, but the result, the impoverishment of the 
tissues witli respect to calcium and the consequent 
development of hype rcxc it ability of the nerve ceUs, 
and tetany is proven. Only the restoration of cal- 
cium to the tissues can prevent this. This explana- 
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tion is readily applicable to spontaneous forms of 
tetany in which there is a drain of calcium for physio- 
logical purposes, or in which some other condition 
causes a drain of calcium. In such cases the para- 
thyroid glands may be relatively insufficient." 

Leopold and Rexiss found a slight increase rather 
than a decrease of calcium in adult rats exhibiting 
cachexia parathyropriva, including enamel defects 
of the teeth, after parathyroidectomy. In yoimg rats 
after the same operation, a lowering of calcium was 
observed as well as lack of growth and lack of weight 
increase. 

Parhon, Dumitresco and Nissipesco found in cats 
and dogs after thyroparathyroidectomy, an increase 
of calcium in the nerve centers. 

In the tetany of infants Oddo and Sarles have 
found an increased amount of calcium in the urine. 
In a case of post-operative tetany Musser and Good- 
man found a diminution of calcium in the urine. 

TRANSPLANTATION OF THE PARATHYROID GLANDS. 

The limitations to tissue transplantation in warm 
blooded animals are, of course, well known. When 
portions of various glands have been implanted into 
regions well supplied with blood they soon lose their 
original structure, become absorbed, and only a bit 
of cicatrical tissue eventually marks the site of trans- 
plantation. Certain glands have responded to trans- 
plantation much better than others, especially the 
thyroid. It has been found in the cat and the dog 
that while the central parts of transplanted thyroid 
lobes imdergo necrosis, the other portions may per- 
sist, and blood vessels from surrounding granulation 
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tissue enter and give life to an apparent new growth 
of the gland, including even lumina filled with col- 
loid. 

It is of extreme interest then to know if such im- 
portant organs as the parathyroid glands may be 
transplanted with any possibility of permanent suc- 
cess in saving a patient from tetany or death follow- 
ing the unfortunate removal of these bodies as has 
occurred in operations involving the thyroid gland. 

The first experiments in which parathjToids were 
successfully transplanted have to be gathered from 
the earlier literature on thyroid transplantation where, 
as in the dog, the parath3Toids are included in the 
th3'Toid lobes and transplantation of the latter glands 
included the former. Proof of this is to be drawn 
from the functional results that followed the removal 
of the transplants, where, in many instances death 
with more or less severe manifestations of tetany 
followed the removal of the transplanted tissue. As 
some of this work was done before we knew about 
the relation of the parathyroid glands to tetany there 
was no proper interpretation of the results until 
after the work of Gley on the parathyroid glands 
appeared. 

Kocher (1883) recomm.ended thyroid transplan- 
tation to prevent postoperative tetany as well as 
cachexia stmmipriva, myxcedema and cretinism. 

Eiselsbeig (1892) transplanted one thyroid lobe 
between the peritoneum and fascia in four cats and 
later (five days to one month), extirpated the re- 
maining thyroid lobe. The animal showed no symp- 
toms following such procedure, and in from one to 
three months after the operation the implanted thy- 
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roid was removed. As a result of the removal of 
the transplant the animals quickly died with severe 
tetanic symptoms. Histologic sections of the re- 
moved tissue showed it to have the appearance of 
normal thyroid. While there is no mention of para- 
thyroid tissue, we must assume from the results of 
the experiment that sufficient parathyroid to pre- 
serve the animal from tetany was transplanted with 
the thyroid and persisted up to the time of its re- 
moval. 

Enderlen (1898) in his transplantation experi- 
ments in dogs and cats took into account the para- 
thyroids and stated that they persist after trans- 
plantation even better than thyroid tissue. 

Payr extirpated the thyroid lobes of cats and dogs 
and transplanted the same into the spleen. In some 
instances one lobe was transplanted and the remain- 
ing lobe removed ten or twelve days later. In other 
cases the whole gland was removed from the neck 
and placed in the spleen at the first sitting, and 
twenty or thirty days later the other lobe was trans- 
planted into the spleen in a different place. As far 
as the functional results of these experiments went, 
the animals in general exhibited no sjmiptoms even 
after many months. After extirpation of the spleen, 
however, the animals quickly died, usually with 
symptoms of tetany. 

Examination of the transplant showed the im- 
planted thyroid to be reduced to one-fourth or one- 
third its normal size. The central necrosis was less 
marked than in other reported transplants and re- 
generation processes were prominent, so that a pic- 
ture of normal colloid-forming thyroid tissue was 
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present. Payr concluded that a gland, with an inner 
secretion was better adapted to transplantation than 
other functional tissue. 

Christian! reported the persistence of parathyroids 
transplanted into a cat. After five years they were 
found practically unchanged. This author, together 
with Ferrari, was one of the first to transplant thy- 
roid and parathyroid and consider each separately. 

Camus seems to be the first to attempt the trans- 
plantation of parathyroid glands only. The site 
chosen by this author was the rabbit's ear. His re- 
sults were not satisfactory and he stated that the 
transplanted glandules showed an early atrophy. 

Walbaum attempted to transplant the parathy- 
roids into the serosa of the stomach of a cat. but with- 
out success. After transplantation of the superior 
glandules, he destroyed the remaining glandules and 
the animals promptly died from tetany or went ' 
gradually into a state of chronic cachexia from which 
they died. 

Biedl reported two cases of successful auto-trans- 
plantation of parathyroids into the dog's spleen. In 
the first animal, thirteen days after the transplanta- 
tion, the thyroid and remaining parathyroids were 
removed without the dog exhibiting any s3iTnptoms 
of tetany. The second dog, however, developed 
tetany four days after the thyroid and remaining 
parathyroid removal. The symptoms were con- 
trolled by parathyroid feeding and the dog recovered. 
In two other animals, foreign parathyroids were 
planted in the spleen with removal of the normal 
glands sometime after the transplantation and a year 
later the author reported survival of one animal with 
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no signs of tetany for seven months, but death from 
cachexia thyropriva. The two intact parathy- 
roids were found in the spleen. The second dog was 
still alive, the transplanted parathyroids being ap- 
parently sufficient. Halsted has criticised this 
work of Biedl's as he had been unable to get similar 
results by "foreign" transplants or without creating 
a parathyroid deficiency before transplanting. More- 
over, functional proof is lacking in these experi- 
ments, as transplants were not excised during life 
to see if their removal would cause death from tetany. 

Pool, following the ttchnic of Payr, has tried 
transplantation without success. In eight dogs, six- 
teen rabbit parathyroids were grafted into the spleen. 
In four dogs, ten dog parathyroids were transplanted 
in the same manner. These transplants were made 
from eight to twenty-eight days before removing the 
normal parathyroids. In none of these cases did 
the transplants influence at all the usual develop- 
ment of tetany following parathyroid removal and 
all the dogs died with acute tetanic symptoms. 

Pepere states that after removal of the external 
parathyroids in the rabbit (which brought on syinp- 
toms of parathyroid insufficiency), he was able to 
control symptoms by implantation of one or several 
parathyroid glandules. However, the graft was 
soon absorbed. Its effect was sufficient, however, to 
tide over a parathjToid deficiency tmtil certain ac- 
cessory parathyroid tissue (which this author de- 
scribes), had had time to hypertrophy and keep the 
animal in normal condition. 

Cape belle removed transplanted tliyroid from a dog 
two hundred and forty-five days after operation, and 
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found it in good condition. The animal, however, 
died of tetany following its removal, showing that 
parathyroid must have been transplanted with the 
thyroid and preserved its function. 

Pfeiffer and Mayer have successfully transplanted 
the parathyroids in two six weeks' old puppies. 
They state that they prefer dogs to rats for this work 
because the outer parathjToids are well separated 
from the thyroid in the former and because dogs 
manifest tetimy much more acutely than rats. These 
authors transplanted one outer parathyroid gjand 
into the abdominal wall between the muscle and 
peritoneum and extirpated the thyroid lobe and 
inner parathyroid on that side. At the end of a 
week they carried out the same operation on the 
other side. Neither of the dogs operated upon ex- 
hibited tetany following such procedure ; and at the 
end of six weeks a functional test of the efficacy of 
the transplants was made. Following the excision 
of the transplants both animals succumbed to death 
in acute tetany, the symptoms of which appeared 
two days after excision of the transplanted tissue. 
A similar proa'dun' carried out in a third dog (six 
months old), did not result successfully. The ani- 
mal developed tetany soon after the transplantation 
and despite tlie feeding of th>Toid tablets died in 
Ciichectic condition in about a week. Histologic ex- 
amination of the transplanted tissue in this case 
showed it to have undergone necrosis. 

Leischner. who \\"as the first to establish the fimc- 
tional proof of p;ir;ith\Toid transplantation, carried 
out his experiments on eighty rats. In about ten 
per cent of these animals he was able to transplant 
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parathyroids and have them maintain their function. 
He chose to place the parathyroids between the 
peritoneum and the rectus abdominis, or in the 
muscle itself. Such transplants were made suc- 
cessfully in four rats in which both parathyroids were 
transplanted with an interval of ten days to a month 
between the operations. No signs of tetany ap- 
peared. From three to six weeks later the portion 
of the wall containing the transplanted glandules 
was cxtiq>atod and tetany followed the removal. In 
four other rats both parathyroids were transplanted 
at the same time and tetany resulted, but after a 
time it ceased. Then, in three or four weeks, the 
tissue containing the transplant was removed and 
a new attack of tetany promptly occurred. 

Halsted's transplantation experiments, carried on 
for a period of two j^ars, show sixty per cent of suc- 
cessful results in autotransplantations with created 
deficiency. The negative results are of value in 
bringing out the fact that a parathyroid deficiency 
must be created by the removal of at least two glands 
before successful transplantation can be expected. 
It is to be noted that auto-transplantations were the 
only ones giving successful results. Isotransplan- 
tation which was tried on thirty-eight dogs, was 
uniformly unsuccessful. The isotransplantations 
were made into the thyroid, spleen, and behind the 
rectus abdominis but the isograft did not live in a 
single instance. 

In the first series of autotransplantations by Hal- 
sted, five auto-grafts into the thyroid of three dogs 
gave two successful results; eight auto-grafts into 
the spleen of three dogs gave only one successfxd re- 
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suit. Functional proof of the success of these trans- 
plantations was not attempted, but microscopically 

and macroscopically the graft appeared sucwssful. 




([liniiteti pur a thyroid s;lan 



1 the tibia of a dog. 



In the second series, auto-transplantation was made 
behind the rectus abdominis muscle. Out of eighteen 
such transplantations in tw-elve dogs, seven parathy- 
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roids were absorbed or necrotic; five to seven lived 
and peiformed their function. In two of the dogs 
the functional test was made. Both these dogs 
died in tetany after the removal of the sustaining 
^uto-graft. Two other dogs were alive and well after 
nine and ten months respectively, sustained appar- 
ently by a single transplanted parathyroid gland 
only. Both these dogs developed myxoedema, (the 
thyroids were removed with the parathjnxiids) with 
eczema and some falling of the hair. 

In some of Halsted's experiments, when too sud- 
den a deficiency was created, a beginning tetany was 
tided over by the administration of calcium salts, 
until the transplanted grafts acquired a circulation 
sufficient for them to exercise their function. 

Eiselsberg has reported a case in which a parathy- 
roid was transplanted in a human subject. The 
patient was a woman, forty-two years old, who for 
many years had suffered from a fairly severe tetany 
which foUow'cd total thyroid extirpation. She had 
many times been in the clinic during goitre opera- 
tions and at last a favorable case was operated upon 
and a gland was transplanted; this was apparently 
followed by good results. Von Eiselsberg believes 
that removal of a parathyroid for this purpose is 
permissible only when a cyst is taken out of one lobe 
of the thyroid and the remainder of the organ appears 
normal so that one can say with some certainty that 
three parathyroids are left intact. Garre has also 
reported good results following the transplantation of 
parathyroid into the tibia in a case of chronic tetany. 

The recent thyroid transplantations of Kocher 
must be taken into accoimt in considering the ques- 
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tion of parathyroid transplantation. Kocher's trans- 
plantations are made into the bone marrow of the 
tibia, this bone lending itself best to such an opera- 
tion. The process is carried out in two stages. In 
the first stage the marrow cavity is opened, a small 
pocket fonned, and a silver ball about 1x1 .5 cm. in- 
troduced. The wound is then closed. After two 
or three days it is reopened, the ball removed and 
the fresh gland tissue implanted into the cavity thus 
formed. In this way the author avoids extensive 
hemorrhage about the implanted tissue, a layer of 
granulations having formed about the ball. Experi- 
mentally, Kocher foimd that thyroid tissue thus 
transplanted in dogs proved efficient for the main- 
tenance of life. If the bone containing the trans- 
planted tissue was resected, the animal quickly died 
with acute symptoms of tetany. 

To be especially noted is the fact that in these ex- 
periments of Kocher there were no acute symp- 
toms of tetany following the implantation, although 
thyroid alone was grafted and all parathyroids re- 
moved, but as soon as the bone containing the trans- 
planted portion of thyroid was removed acute tetany 
leading to death resulted. Kocher considers the 
question of parathyroid tissue having been trans- 
planted with the thyroid in his case, but says that 
histologically nothing but thyroid tissue was found 
in the bone. 

Thompson, Leighton and Swarts have tried various 
situations for placing transplanted glandules. The 
method of Kocher for transplantation of parathy- 
roid into the shaft of the tibia has been attempted, as 
well as transplantation of thyroid alone in this situ- 
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loss is more slowly brought about. While in the 
past investigation has centered itself, naturally, 
upon the more striking phenomena of complete 
parathyroidectomy, it is possible that future work 
may give us a better understandir^ of the nature 
of the changes incident to the gradual loss of func- 
tion of the parathyroid glandules. 
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Discoloration of skin, 6a 
Disease, Addi;<on's, goitre mistaken 
for, m 

Basedow's, 20 

Graves', 12, 21), 178 

Pott'B, 35 
I Disi'Bsed parathyroids, hypersuscep- 



tibili 



rof n 



mptoi 



of. 321 

tissues, nodules of, 138 

Dissection of isthmus, 150 

of thyroid gland. 144 
Disturbances, chronic, due to partial 
loss of parathyroids, 305 
circulaton,-, 18 

insufficiency of parathyroiiis causes 
eonvulsivp, 313 
of thyroid causes nutritional. 313 
I nutritive, after parathyroidccto- 

Drainagc, method of, 153 
provision for, 153 



eof, i 
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teomala<'ia, j Dyspncea, paroxysmal, 58 



parathyroids and rickets, ;{2() 
ConverKciiee test in cli;iKnosis, 5s 
Cortical irritation, lil 
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£(' b m psia — ci> at'd. 

tliyroid therapy relief in, 3^11 
Eli'ctrical test in iliapnoMiH. 54 

treatmPDt of sinipk goitre, X\ 



Enibryuloey and liistology of para- 
thyroid gland.s. 2'27 
of purothyroid iilitndt;, 227 
of parathyroid glands in amphihi- 



1. -2^ 

of thvnius gland, 227 

of thyroid jjlund, 227 
Endemic crMinism. 24 
KiiilotliHiomu, -iii 
Ln I urge me lit af lymph nodes, 71 

of thymus gland, 71 
Enueleution of thvroid tumcirs, Itii) 
EpilepM", 2(l.i, 25(1 
Epileptiform vtUh. 311 
Gpilhelium. new formation of, 23 
Erguline. 8U 

and hyilrobromatc of quinine, lK-1 
Krror:! in liio gnosis, oi 
Ervlhema. «7 
Et)ier, method of administering, 1)1! 

only safe unsesthetic in goitre, 95 

Trendelenburg position in admin- 
istering, 98 
Etiolofij' of hypoparathvroid glands, 
205 

interest of internist in hypopara- 
thyroid, '20a 
Kxcitability, nervous, 52 
Excitation, psychic. 62 
Exhaustion, mental, 62 

physical, 62 
Exophthalmie goitre. See Goitre. 

exophthalmic. 
Exophthalmos. 30 
Experiments on animals, 177, 21)4 

opposed to tetany, 299 
Exposure, x-ray, in operation on thy- 
roid gland, 169 
External carotid artcrj-, 133 

parathyroids. 285 
Extirpation of thyroid gland, U 
Extract, thyroid, administration of, , 
03, 78, 197 

in congenital goitre, 197 , 

efficacy of, 14 



n flat 



'. 72 



Extract — cont'd. 

tetany controlled by pituitary, 36'2 
therapeutic use of parathyroid , 337 

tixtrathyroideal tumors, 271 

Fat in jMirathyroid glands, 200 

Fibrosis. 26.5 

b'eetal adenoma. 17, 29 

Fracture, administration of thyroid 

Function of parathyroid glands. 199, 

of thyroid gland, 14 

(lAU,-)ti,A]>iiBK. infection of, 202 
tlnstric tetany, 20.5. 324 
<iaatrointestinal symptoms, 60 
Ciuuze. tamponing with. 145 
General appeurancc of patients, 72 
consideration of thyroidectomy, 88 
pathology of parathyroid glands, 
260 
eland, thyroid. Bee Thyroid gland. 
(ilauds, parathyroi<l. See Parathy- 
roid glands. 
Ctandiilte parathyroid a;, 202 
GlanduiRs, inferior (internal), 210 

superior (external). 209 
(ilobus hystericus, 53 
Goats, m^lk from thyroidectomized, 
HH 
serum of thyroidectomiaed. S6 
(ioitre, antagonism between, and 
tetany, 320 
calcified. 23 
colloid, 26 
congenital. 196 
diagnosis of, 30, 38 
diffuse hypertrophy of, 20 
exophthalmic, 29, 39, 74, 205 
diagnosis of, 36, 3ij 
complications of symptoms in, 75 
due to lesions of parathyroid 

glanils, 247 
heredity in, 192 
history blank for, 182 
indications for operation on, 123 
prognosis in, 178 
prognosis of, leas hopeful in 

men, 179 
statistics of, IKK 
symptoms of, developed l>y ioilide 

of potassium, 76 
treatment of, 83, 84 
what is, 12 
hiemorrhagc in. 20 
heart, 12 
heredity in, 191 
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Goitre — cont'd. 
hypertrophy of, 2.'i 
minor list of symptoms of, 45 
minor gymptoms of, 41 
mistaken for Addison'* ditteaae, (16 
nodular hypertrophy of, 28 
parenchymatous, 26 
removal, 311 
aimplo, 73 

heredity in, 192 

indieationa for operation in, 110 
electrical treatment of, 81 
treatment of, 77 
Gmfe's sign, US 
symptoms, 50 
Graves' disease, 12, 29, ITS 
prognoaia i 



HAEMonnHAOK in goitre, 20 
in operation, 110 
is parathyroid elands, 26.i, ^24 
Heart affections, chronic 2(il 

lesions, 266 
Heredity in aoitre, 101 

in exophthalmic goitre, 192 
in -simple goitre. 192 
Histoid growths, 32 
Histology, pathologic, of para thy- 
roid glands, 2'i:i 
of infant parattiyroid glands, 239 
of parathyroid glands, 231 
of parathyroid glands in animals, 
240 
History blank for exophthalmic goi- 
tre, 1S2 
of parathyroid glands, 199 
of surgical diseases of tlivroid 
gland, 10 
Hydrobromatc of quinine, 86 
of quinine and ergotine, 181 
Hyperiemia, 18 

seTusl. 18 
Hyperplasia, 28 

Hypcrsusccptibility of nerves symp- 
toms of diseased parathy- 
roids, 321 



diffuse, 20 
of goitre, 25 
nodular, 28 

of parathyroids, 294 
Hypo parathyroid ctiologi-. 



Hypoplasia of parathyroid*. 327 
Hvpothj-roidiam, 21, 24, 29, 111 

Hysteria, 53 

Idiopathic tetany, 20fl, 320 
Incision in thyroidectomy, ISO 
Indioation for ligation of thyroid vts- 
seU. 156 
for operation in exophthalmic- Koi< 
tre, 123 
in malignant growths of thyroid 

gland, 124 
in simple goitre, '119 
on thyroid gland. 1 19 
InfanUJe atrophy, dugoneratlv?. 257 
primaiy, 21, 257 
sclerotic, 257 
Infantile myxcedcma. 25 
Infant parathyroid glands, histology 

of. 239 
Infarction. 20 
Infection, 114 

of gall-hladder, 262 
Iur(.>rior (internal) glandules, 210 

thyroid artery, 140 
Innitration and degeneration, 23 
InltammatioD, 20 

chronic. 21 
Infusion of aalt solution in tetany, 

337 
Injecting crushed thyroid tissue, 171 

anfestnHic, method of, 93 
Injection of calcium chloridi', 340 
of carbolic acid, 79 
hypodermic, of iodine, 87 
intraperitoneal, of oarathyroid, 338 
intra vcnouH, of tiorse parathy- 
roid, 339 
intravenous, of parathyroid emul- 
sion, 338 
of parathyroid into jugular vein, 
338 

I0« 
e, 345 

of stovaine and strychnine, 1U7 
subcutaneous, of beef parathyroid 
and morphine. 338 
of horse parathyroid. 339 
of parathyroid emulsion. 337 
Injury to blood vessels, 311 

to parathyroid glands. 113, 115 
to recurrent laryngeal nerve. 115 
Insane, patient may become, 53 
InsufBciency of parathyroids causes 
convulsive disturbances, 313 
of thyroid causes nutritional dis- 
turbances, 313 
Intcrfollikultercs epithcl, 202 
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Intermittent conditions, 59 
Internal jugular vein, 133, 143 

parathyroids, 285 
Internist, interest of, in -bypopara- 

thyroid etiology, 205 
Intraperitoneal Injection of paratliy- 

roid, :!38 
Intrathyrodeal tumors, 271 
Intravenous injection of horse para- 
thyroid, 339 
of parathyroid emulsion, 338 
Involvement, metastatic, 280 
Iodide of potassium, ^mptoms de- 
veloped by, 76 
Iodine, administration of, 63 
hypodermic injection of, 87 
internal and external use of, S7 



Irritation, cortical, 

Ischemia followed by tetany, 306 

Isotransplantation of parathyroid 

glaad unsuccessfui, 357 
Isthmus, dissection of, 150 



Malignant growths of thyroid gland, 
166 
indication for operation in, 124 

Mammalia, embryology of parathy- 
roid glands in, 230 

Mammals, anatomy of parathyroid 
glands in, 220 
anatomy of thyroid gland in, 225 

Mammary glands, atrophy of, 70 

Meat diet may produce tetany, 33S 

Medication, specific, 85 

Medulla oblongata, 12 

Mental deficiency, 55 






Lactation-, tetany of, 205, 327 
Lesionii, heart, 266 

of parathyroid glands, exophthal- 
mic goitre due to, 247 
Leucocytosia, 64, 122 



I.euk»m 



, 37 



Life, parathyroid glands necessary 

for,"3C2 
Ligation of superior poles, 163 

of thyroid arteries, 20 

of thyroid veins, 160 

of thyroid vessels, 155 

of thyroid vessels as preliminary 
operation, 156 

of thyroid vessels, various methods 
of, 157 

of thyroid vessels, when indicated. 
150 

ultra, 219 

with catgut, 149 
Lipoma of neck, 37 
Liver, tirrhosis of, 266 
Luxation of thyroid gland, 142 
Lymph nodes, enlargement of, 71 
Lymphocvtosis, 64 
Lymphona, 279 
Lymphosarcoma, 37 
Lymph spaces, 16 



depr 



1, 61 



Macm 



, 347 



326 

Metastasis, 33 
I Metastatic involvement, 280 
Milk, natural, feeding after thyropa- 
rathyroidectomy, 335 
, Mocbius' antithvroidin, treatment 
with, 193 
serum, 178, 186 

symptoms, iW 
Morbus Hasedowii, 12 
Morphine and atropine to precede 

ether in anffistheaia, 95 
Muscles, omohyoid, 136 

platysma myoides, 132 

sternocleido, 137 
. sternocleido- mastoid, 132 

stcrnohvoid, 136 

sternothyroid, 136 
Muscular weakness. 49 
, Myocarditis, 42 
Myoma, 279 
Mvxcedoma, 12, 68, 249 

adult, 25 

congenital, IS 

fruste, 25 

infantile, 25 

operative, 25 

' Natuhal milk feeding after thyro- 

pa rathyroidectomy, 33.5 
I Necrosis, pressure, 152 
I Nephritis, ohronic, 261 

toxic glomerulo, 265 

parenchymatous, 265 
. Nerve, phrenic, 133 
I pneumogastric, 148 
; recurrent laryngeal, 133, 147 
I injury to, 115 

I supply of parathyroid glands, 226 
I vagus, 133 
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Server, hypenusccpXihiUty of, symp- 
toms of (llsi-iuwcl parntliy- I 
ToiAt. 321 

NiTvoiw I'xciUbUity, 52 

Nnirni'iheDis, 53 

NodulM- Jiyp*rtropliy, 28 ■ 

NocIuIpv, BccnxBorv tnyrald, IS 
of (Ii»i<iim<| tixHUiw, 13B 
pr^Bniii)! upou tninbi^ti, 130 

Mcimirnf^Iiitiirc of parathyroid glanilA, 



208 



Xou-mitli|:ru>nt cliMa«n>, 82 I 

Non-surgiRal treatment of tliyroiil 

NuvuL-nin, 92 

NiiRlnoprotsid of paralhyrold glaud, < 
312 



OmiCma, circiiniAcribnl, I] 

OpMHtion, aiiffisth^gla lu, 

Klaail. U» 

(I on BIT of ntucsthcsia 



91 



of. on thyroid glattd, 110 
iia^murrhai^e in, 11(1 
indirntion for, in rxophthalniii 
Kulttf. 123 

Fill', in maliEnnnt gruwf li? ni 

tlivr.iid gliLiiil, t;>-l 
for, in r-impli! K.>itr<s llil 
for. on tbyroid gland, 124 
puriilhyroids to he spared 

roid, 31ti 
shock from, 11(1 
BtHmm-Jacobsoii, 16;i 
value of drainage in. 1 1'J 
x-rav exposure In. on 
gl.n.l ■- 
OperatioHH, oil 

isrt 



hy- 



0!> 



and, :)2e 
Osteoplastic growths, 33 

Ostitis deformans, 1?74 
<>\ pnrathyroid, ndminisi 



Parattayroi d^co nt 'd , 

lieuf, and morphine, iiheiitancout 

injection of. 33s 
deficiency leads to alhuminuria, 

332 
emulsion, intravoDoun injmlion 

of, 338 
emulsion, eubftutan(<ou« lajeotioa 

of. 33? 
etfoluKy, 205 
extract, tetany hetnpfitad by, 340 

Ihcrapeutio um- of, 337 
b»morrDaKe, connection brtw<!t«n, 

anfTtctany. 323 
InJKrtion of. luto jugular vein, 338 
Inauflicleucy, tetany nwtii upon, 

intra ppritonoal Injcetiou of, 338 
intravenous iujeetion of horne, 339 

■ ' ' 'wtlou of horBP, 



^ubeutaneuit^ transplantation of. 
317 

totany, toxin liypothenis of, 335 

theory of tetany, 323 

therapy, 334 
ParathyroIdH, aberrant, 2S>> 

ubrunic disturbances due to par- 
tial loss of, 305 

connection between, and calcium 
metabolitim. 326 
between, and os-teomalacia. 32« 
lictwec-n, and ricket.", 32(; 

i-tlunipfiii of prcRnnoi'v prcv.-nled 
bv, 321 

external, 283 

hemorrhage in, 324 

hypers usee ptibility of nervessymp- 
toms of diseaaed, 321 

hypertrophy of, 2U4 

hypoplasia of, 327 

in^ufiieiency of, cause:! convulsive 
disturbances, 313 

internal, 285 

to be spared in thvroid opera- 
tion:', 3m 
Parathyroid eland, clinical value of 
nuclcoproteid of, 343 

how to administer nucleoproleid 
of, 343 

how lo prepare nuclcoproteid of, 
343 

Lsotrunsplantation of, unsuccess- 
ful, 357 

nueleoproteid of, .342 

transplantation of, into human 
beinK, 359 

transplantation of, into tibia, 360 
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Parathyroid glands, 199 
an&tomy of, 209 
ia birda, 22d 
blood supply, 217 



childre 



, 216 



inferior (internal) glandules, 210 

location, 209 

in mammals, 220, 225 

nerve supply, 220 

shape, 211 

Bize, 210 

superior (external) glandules, 

209 
variations in numbers, 212 
ultra ligation, 219 
weight, 211 
cysts and tumors of, 268 



branchiui cy^ts, 2(i8 
branciiial poly cystoma, 26» 
lymphona. 279 
metastatic involvement, 280 

polycystic degeneration, 268 

retention cysts, 268 

tumors of parathyroid glands, 



embryolog.v and histology of, 
embryology, 227 

amphibians, 228 

ave«, 230 . 

mammalia, '2'.W 

thymus gland, 227 

thyroid filand, 227 
bistoloi^-. 231 

in unimals. 240 

of infant puriithyroid, 2-Hi 

secretion of p u r a t li ^~ r u 
glands, 241 

typi- 1, 



[dls. 2.11 



typr 



nilivcly 



hypritiiinitliyroiij ctioloKy, 
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Parathyroid glands — cont'd, 
osteomalacia, 205 
paralysis agiians, 205 
rickets, 205 

tetany of lactation, 205 
of pregnancy, 205 
interfollikuliercs epithel, 202 
independent vital organs, 206 
nomenclature, 2U8 
parathyroid therapy, 205 
Testes embryonnaires, 202 
tetany symptoms, 207 

diminution of calcinm, 207 
metabolic toxin, 207 
parathyroid therapy, 334 
barium. !i47 
calcium in tetany, 349 
diet, 334 
infusion of salt solution in 

tetany, 337 
injection of calcium chloride, 346 
of parathyroid into jugular 

vein, 338 
of soilium chloride, 345 
intraperitoneal injection of para- 
thyroid, 338 
intravenous injection of horse 

parathyroid, 33H 
intravenous injection of para- 
thyroid emulsion, 338 
magnesium, 347 
meat diet may produce tetany, 

. 335 
natural milk feeding after thyro- 

parathyroideetomy, 335 
nucleoproteid of parathyroid 

elinieal value of, 345 
how best administered, 343 
how prepared, 342 
ox parathyroid administered to 

human beings. 331' 
pararhvroid glands necessary 
for lifi, 302 
vital organs. 362 



siibentaneuus injeetion 


of beef 


parathyroid and morphine. 


of horse parathyroid. 


339 


of parathyroid emuls 


on, 337 


subcutaneous tran^plan 


ation of 


parathyroid. 337 




Idaiiy a symptom, 362 




l)pne[iled by parathj 


roid ex- 


tract. 340 




benelited by thyroid 


extract, 
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Parathyroid glands^cront'd. 

tetany controlled after parntUy- 

roitlectomy, 363 
therapeutic use of parathyroid 

gland, 337 
tbyroparathyroiiit'Ptomy, 348 
toxic substance in the blond, 335 
toxin hypotlicNiH of parathyroid 

tftany, 33S 
transfusion in trl-niiy. 33(1 
IranDpIantatiun of parutliyroid 
j^landH, 3.M 
autotraus plantation, 354 
into human being, 3S9 
* into abaft of tibia, 300 

iaotransplantation unsucccs^ 

ful. 357 
parathvroids grafted into 
apleen. 353 
triBOdic titrate solutions, 340 
pnthuliisic bibliology of, 243 
collnid, ^Rli 
dogt'iierutioiiB, 264 
uclampHia, 250 
epilepsy, a 50 
exophlbiLluiii' Koil""". 247 
geni^rnl pnth(il(ig>-, 2(10 
fat, 2B0 

ebrinnio heart alTt'ction", -CI 
chronic ncrihrilis. 2G1 
ehronic tubcrirutositi. 261 
eirrhoiiia of liver, 261 
diabctfi', 2ljl 

infection of gftll-bladder. 262 
jaundiec, 262 
pyuloncphrosia, 2(11 
libro;.i^, 2fi5 



liditi 



, -jm 



\ 26(i 



la! jiariithy 
■. 266 



passive eun)^stion, 266 
bfeniorrhage, 265 

toxic glomerulo-nephrilis, 265 
acute parenchvmalouu nephri- 
tis, 265 
norpbiilogk-al i)bservatii)iis, LM3 



niyj 



«-dem 



24» 



Piirnlhyroid glunds- 
lubcrculo** 



iistcomalaciu, _ 

purulysls agituns. : 

pellagra. 2li() 

primary iiifuntile 
degenerative. 2,'j 
sclerotic. 2.i7 



Klands. 246 



a III 



roid 



relation of. to medical tiilany, 318 

antagonism between goitr* and 
tetany, 320 

ehildrcn'B tetany, 323 

congenital parathyroid hypo- 
plasia in racliitiai, 327 

connection between parathyroid 
hjcmorrhage and tetany, 
325 
between puratbyrnidm ami cal- 
cium metabulbDi. 326 
between parathyroids and o»< 

tt^onialacia. l)2li 
between parathyroidii and rick- 
eta, 326 

celampsia, 327 

of pregnancy prevented by pa- 
rBthvri>idf>, 321 

gastric tetony, .121 

hiemorrhage In parathyroids. 324 

hypersuseeptibility of nvrvM 
ayinptoniM of dfiteaHed pani- 
ihyrtiidB, 321 

bvpuplasia of parBthvrn'<<> ^'^"^ 

iiiiopathic tetany, 32t) 

lue tubal ism on gin of tetany 
poison, 32S 

purathyroid deficiency le«de M ■■ 



pjiriilhyroid theory of tetany. 



1 basia of t 
,, 327 






letuny of lactation, 327 
ijf pregnancy, 327 
rests upon parathyroid insuf- 
ficiency, 333 
Ihvroid therapy relief in eclamp- 
sia, 331 
uniform tetany symptoms in 

nmn and animals, 320 
■lation of, to postoperative letAny, 



■onic disturbances due to par- 
tial loss of parathyroids, 305 
lutritivc disturbances. .105 
ijiinctivitis developed, 309 



tcnial parathyroids, 
■pertrophy. 294 
Icrnul parathyroids. 
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Parathyroid glands — cont'd. 

ischemia followed by tetany, 306 
parathyroidectomy fatal in birds, 



postoperative tetany ii 
20S 






tetany due to los^ of parathv- 
roid iclanda, ;n2 
experiments on animala, 2S3 
Burgical accidents due to removal 
of, 311 
epileptiform crisis, 311 
goitre removal, 311 
how to CMcapc tetany, 311 
injurj' to blood vesaels, 311 
insufficiency of parathyroids 
['ausex convulsive diaturb- 
ance-H, 313 
of thyroid causes nutritional 
dix'tiirbancci', 313 
parathyroids to be spared in 

thyroid operations, 318 
postoperative tetany less fre- 

(|uent, 316 
Hubcapsular procedure, 316 
tubulated cases of tetany fol- 
lowing partial thyroidec- 
tomy, 3U 
tetania paratltyropriva, 315 
tetany due to loss of parathv- 

roi<l glands, 312 
tetany not due to loss of thvroid 
glanit, 312 
I'arathvroidectomv, diet following, 
334 
fatal in binls. 2H9 
nutritive disturbances aft«r, 305 
tetany controlled after, 362 
Parathyroid it is, chronic inter 



206 



tial, 



Parathvroi<l therapy. 334 
Pare n ell vmatous goitre. 26 

nephritis. 2(>.') 
Paroxysmal dynpnii'a, oK 
Passive <'nnKestion, 20, 26li 
Pathologic histology- of parathyroid 

ginniis. 243 
l*alhulog>-, general, of parathyroid 

of thyroid Kland. 14 
Patient may bccor 



;x. 385 

Pneumogastric nerve, 149 
Poisoning, symptoms of thyroid, 44 
Poles, ligation of superior, 163 
Polyey.stic degeneration, 26S 
Position of patient utter injection, lOS 
Postoperative hyperthyroidism, 144 

tetany In aninials. 29.'i 

tetany less frequent. 31fi 

relation of parathyroid glands 
to, 281 



. 33 

Pregnancy, eclampsia of. prevented 

by parathyroids, 321 

tetany of, 205, 327 

Procedure, subt-apsular, 316 

Prognosis in exopnthalmic goitre. 178 

of exophthalmic goitre less hopeful 

in men, 179 
in Craves' disease. 178 
Pseii<loleuku>miu. 37 
Psvchic excitation, 62 
Pulse beat varies. 40 
I'j-elonephroHiH, 261 



Q.i 



, 184 



Patici 
Pellafi 



.. gcncr 
.. 20(1 



appeot 



e of, 7 



Rachitis. 250 

Rachitis, congenital parathyroid hy- 
poplasia in. 327 
Recognition of thyroid gland, 132 
Rectul ana-sthcHia. 101) 

ailvantages of, 100 

apparatus in. UKt 

method of application of. 101 

Icchnic of. 102 
Recurrent larj-ngeal nervi^. 133 
Relation of parathvroiil glands to 
medical tetany, 31S 

to postoperative tetjiny, 281 
Remedies against ilangers from anies- 

thesia, 01 
Removal of goitre, 311 

of portion of thvroiil gland, 60 
Kestes emh^^■onnai^es, 202 
Retention cysts, 26K 
Rickets, 2[).'> 

basis of tetany of children, 327 

connection between parathyroids 
anil. 326 



Sarcoma, 33. 35, 1116 
I S<-lerodefnia, 70 
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Secretion of pnrathrroiil glands, ^41 
Septicicniia, 20 
Serum. Bcfbe's, 178 
Colev's, 17(1 

Stolitii;. lJ*(i 
oubius', 17S, 180 

of thyroid RctomiKcd goaU, 86 
ScxuHlliypLTii.'mia, Itt 
Hbapc of puruthyroid ginnda, 211 
Shnek from oporation, IIU 
Slen, C.rat-fe'a. 60 

Mocbiue', 57 

Stfllwag's, 37 
mmplti goitre. See Uoitro, simple, 
^iKF of pnmtlivroid glands, 210, iSl 

of tliyroi'l elanii. 13U 

of thyroid (jjaod changes, 40 
Skill, dist'dl oration of, 65 
Kodium chloride, injectioii of, .14,'} 

phmphatc, S7 
Solulious. tnaodiu citrate, 'MR 
SptKiififi DKtdientioii, 8^ 
Spinal ann^tttheHia, 1U5 
Spleiiii, piiratliyruid g^lauda 



t^ymptom, tetany- a, »(12 
Symptoms, i^um plications of, 71 

developed bv iodide of pcitas 
76 

eastroiut^tltial, 60 

Graefe's, 50 

liet of minnr^ of goitrn, 4,^ 

minor, of goitre, 41 

Moebius', 50 

Stellwag'a, SO 

thyroiii polHouing, 44 

tetany. 207 

uniform ti^tnny, in mivn und 
mala, 320 
Syncope. 122 

Syphilis, tertiary, of thvroi.f ( 
■23 

of thyroid gland, 22 



Tachycardia, 3S, 44 
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sporadic crptiiiiBm, 18, 24 
StRmuj-Joeobsoii oiwratioi.. . . 
Statistics of exophthalmic goitri 
Stellwag's «ign, 67 

iiyniptoiiis, JO 
Stovninc and strychnii 
of, 10(1 

injeelion of. 107 

prepHriitioii of. lutl 



St. 



cunaiiii'tuliun tif tlivruid gland, 
(iisfascs, hi^'tiirv of, 10 
Superior (exterior) (slundulee, 2011 
poliv, liiiiition of, Ki.'i 
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a of thyroid gland. 

Tod., convergence, in diagnoai?, 5S 

elcctrieal, In diagnosis, 54 
Tetania parathvropriva, 315 
Tutnnua, 255 
Tetany, 49, 255 

MttaKonum between, and Roilta, 



beneSted by thyi 



of 
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1)5, 25ii, 323 
of children, rickets basis of, .127 
connection between parathyroid 

hsmurrhngc and, 325 
controlled after paratbvroidec- 

tomy. 362 
coiitrQlleU by pituitary cMract, 362 
due to loss of parathyroid glanda. 

experiments oppoited to, 2&9 

gastric, 205, 321 

how to escape, 311 

idiopathic. 205, 320 

infusion of Halt solution in, 337 

ischemia followed by. 300 

of lactation. 205, 327 

meat diet may produce. .335 

medical, relation of parathyroid 

glands to, 3I« 
not due to loss of thvroid gland, 

312 
parathyroid theory of, 323 



lyGooc^lc 



TetaD y— COD t 'd . 

poison, metaboliatn origin. of, 326 

postoperative, in animale, 295 
less frequent, 31ft 
relation of parathyroid glands 
to, 281 

of pregnancy, 205, 327 

rests upon parathyroid insuffi- 
ciency, 333 

a symptom, 362 

symptoms, 207 

symptoms uniform in man and 
animals, 320 

tabulated cases of, following par- 
tial thyroidectomy, 314 

toxin hypothesis of parathyroid, 

transfusion in, 33ft 
Therapeutic use of parathyroid ex- 
tract, 337 
Therapy, parathyroid, 334 

thyroid, relief in eclampsia, 331 
Thymus (jland, 88 
embryology of, 227 
enlargement of, 71 
Thyroaplasia, 24 
Thyroid arteries, ligation of, 20 
kftery, middle, 148 
extract, administration of, 63, 78, 
107 
in cungenital goitre, 197 
efficBc^y of, 14 
in fracture, 72 
in myxisdema, 69 
tetany benefited by, 340 
Thyroid glaQ<l. 

anipsthesia in operation on, 00 
aecidcnts, 90 



choice of ancesthctic, 92 
adrenalin, 92 
adrenalin chloride, 93 



esthetic in 
goitre, 95 
niflhuil nr administerinR, 9G 
cerebral ana'mia, 98 
Trendelenburg position, 98 
loeal, Ot 
method of injecting aniesthetic, 

93 
morphine, 95 
rectal, 100 

advantages of, 100 
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Thyroid gland — cont'd, 
apparatus in, 103 
method of application, 101 
technic of, 102 
remedies against dangers from, 

91 
spinal, 105 

application of cocain, 106 
of stovaino and strychnine, ' 
10ft 
preparation of stovainc and 
strychnine solution, 106 
the injection, 107 
position of patient after in- 
jection, 108 
upper dorsal puncture, 107 
• tliyroideciomy under local, 9J j 

under isneral, 95 - " 
dangers of operation on, 110 
air embolism, 116 
collapse of trachea, lift 

how to avoid bad results, 117 
hiemorrhagc, 110 
hyperthyroidism, 111 
infection, 114 
injury to parathyroid glands, 

113, 115 
injurv to recurrent lan'ngeal 

nerve. 115 
shock, 110 

value of drainage, 112 
diagnosis of, 3ft 
branchial cyst, 36 
carcinoma of neck, 37 
changes in size, 40 
exophthalmic goitre, 38 



t-x; 



■, 40 



lipoma of neck, 37 
lymphosarcoma. 37 
minor symptoms, 41 

myocarditis. 42 

tachycardia, 44 

thyroid poisoning, 44 
minor symptoms, list of. 45 

alopecia, 70 

atrophv of mamman' glands, 
70 

bluHhing. 67 

circumserihod (edema. 67 
differentiated from ana- 



conditions increasing gravity, 

61 
administration of idoine, 63 
administration of thyroid 

extract, 63 
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cmBcriatiaD and 

<l(-i'n.-nse(l Itucocytoeia, fi4 
increased fymnhocytOBla, (14 

enlarKement of lymph nodt^e, 

eiilarspment of tbymiii! clanii, 

71 
erythema, sr 

general appeArnaci' of pa- 
tienl--.. 72 
exophthalmic Boitre, 74 
aimplp Koit.rp, 7a 
Or.'iofo's gigii. 56 
iuti-rmittent euiiditltmB, 5!1 
piiftipnl irritaljon, 61 
KMtroiiitestiiial Bymploms, 

flO 
mental deprrtu^on, HI 
mental deficiency, 53 
insane person. 53 
patient may become iiiBaD«, 
53 
Moebiiu' Hign. 37 
^nuwulkr weakness, 49 
' OrMfe'e symploma, 50 
MiK-bius' ^ 
par.! pun -i^, 
ritellwa«'- ^ 
myxddemu, fit* 
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RonverKPiite test, 58 

electrical test, 54 

errors in diagnosis, 51 

globus hyBterica-i. H'A 

hysteria, 53 

neuroKtbenia, 5.1 
osteomalacia. 72 
paroxysmal dvspn<ea (Bry- 

Boii's symptomHl, .^8 
removal of portion of thyroid 

Eland. t>9 
scleroderma, 70 
Stellwag's sittn. 57 
tremor, 4B 

tctanv, 49 
67 



pseudoleukiemia, 37 
pulse beat varies, 40 



Thyroid gland— cont'd, 
tachycardia, 38 
heredity in goitre, IStr 

administration of thyruid f at- 
tract, 197 
congenital goitre. 196 
exophthalmic goitre. 102 
simple goitre, 102 
treatment with Moebius'anlithy- 
roidin. 193 
indications for operation on, 1 19 
abscess, 121 

exophthalmic goitre. 123 
malignant growths, 124 
oimpJe goitre. 119 
non-surgical treatment, of, 77 
iodine, use of, 87 
arsenic, 88 
belladonna, 88 
hypodermic injection of, 87 
intfrnal and external use of, 

87 
milk from thrroidecromizcd 

goats, S8 
strophantus, 83 
thymus gland, 88 
use of, mav do harm, 87 
treatment of exophthalmic goi- 
tre, S3 
antithyroidin, 8li 
ergot ine. 86 

hydrobromftte of aiiinine, 86 
serum of tbyroideetoiBisii^H 
KO&tS. 80 ^mI 

sodium phosphate. 87 ^^ 

specific indication, >io 
treutnii'nt of simple goitre, 77 
electrical treatment, 81 
injection of carbolic acid, 79 
iodine ointment applied, 78 
non-malignant diseases. 82 
thyroid extract administered. 
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, 163 

n of thyroid 



, 165 



operatic . 
ligation of superior poles 
malignant growths of thyroid 
gland, 160 

carcinoma, 160 

Coley's serum, 170 

sarcoma. 166 

strumitis, 1G7 

sub-acute inflammation, 167 

thyroiditis, 167 

x-ray exposures, 169 
Stamni-Jacobson operation, 16 



lyGooc^lc 



Thyroid gland— cont'd. 

transplantation of thyroid gland, 
125^ 171) 
experiments in animals, 177 
injeetinn crushed thyroid tis- 

selection of material, 17.5 
tcchnic of tranBplantatton,173 
patbologj' of, 14 

abnormalities of di^velopment, 



I thvroid nodules, 18 
aplasia, 18 

congenital myxtxdema, 18 
hyperthyroidiam, 15, 29 
sporadic cretinism, 18 

anatomy, 15 
colloiii, 17 
festal adenoma, 17 
gross blood supply, 15 
lymi^h spaces, 16 

cachexia, 14 



Pott's disease, 35 
primary, 33 
^ - la, 35 



circulatory disturbances, IS 

atrophv, 20 

embolism, 20 

goitre, in 

niemorrhage, 20 

hyperiemia. 18 
sexual, 18 
infarction, 20 

ligation of thyroid arteries, 20 

passive congestion, 2U 
degeneration and infiltration, 33 

amyloidosis, 24 

calcified goitre, 23 

hypersecretion of colloid, 23 
V formation of epithelium, 



23 



fum 



, 14 



hypothyroidism, 15. 24, 29, 111 
adult mvxtEdcma, 25 
athyreosis. 25 
Basedow's disease, 29 
endemic cretinism, 24 
exophthalmic goitre, 29 
exophthalmos, 30 
Graves' disease, 29 
infantile myxa?dema, 25 
myxivdeme fruste, 25 
operative myxcedema, 25 
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Thyroid gland — cont'd. 

sporadic cretinism, 24 
tnyroaplasia, 24 
hypertrophy (goitre), 35 
difFuse, 36 
colloid, 26 
hyperplasia, 28 
parenchymatous, 26 
nodular, 28 
fiptal adenoma, 29 
inflammation, 2U 
absress, 20 
septiciemia, 20 
thyroiditis. 20 
inflammation, chronic, 21 
hypothyroidism, 21 
primary infantile atrophy, 21 

endothelioma. 33 

metastasis. 33 

osteoplastic growths, 33 

perithelium, 33 

primary. 33 
syphilis, 22 

tertiary, 23 
thyroid extracts, efficacy of, 14 
tuberculosis, 21 
tumors, 32 

histoid growths, 32 
prognosis in exophthalmic goitre, 
178 
antithyroidin. 179 
Beebe's serum, 178 
cytolitic serum. 136 
Graves' diaease, 178 
history blank. 182 
hydrobromate of quinine and 

ergotine, 184 
less hopeful in men than in 

women, 178 
Mocbius' serum, 186 
statistics, 188 
surgical consideration of, 9 

history of surgical diseases, 10 
cachexia St ru mi priva, 12 
exophthalmic goitre, what is, 12 
goitre heart, 12 
Graves' disease, 12 
medulla oblongata, 12 
morbus Basedow. 12 
myxocdema, 12 
thyroidectomy, 10 
thyroidectomy, 126 
anatomical consideration. 130 

anterior jugular vein, 134 

carotid artery, 148 

deformities, how to prevent, 
154 
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illiwpclian of ihyroirt gUnd, 

144 
draioftge, proviiiioii for, 153 

raethtxl bf, 153 
external carotid artory, 133 
how thyroid glttnd rccugnixed, 

132 
inferior thyroid artcrv, 146 
inteniBl juftular vcin,'l33, 148 
ligation of thyroid veina, 160 

operHtiun, 110 
llgatitm of thyroid vessels. 155 

as prcllmmary operation, 
156 

various mcthoda of, 157 

wheu Indicated, IS)) 
ligation with catgut, 149 
luxation of thyroid gland, 142 
middle thyroid artery, 148 
tnuBclet<, 13fl 

omohyoid, 13(1 

platyiinia niyoides, 132 

sternocleido, 137 

stem oclcido- mastoid, 132 

Hternohyold, 13U 

eternothyraid, 136 
aerrosia, pressure, 152 



phrenic nerve, 133 
pneumoitBetric nerve, 145 
postoperative hyperthyroid- 



catgut Htl 

ailk 154 
'<kin 154 
bubiutiiular, 154 
nhpii to be cut, 1 j4 
tftBijioning with gaui^c 

formod. 1 



vagus J 
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Thyr oideel oray — cont'd. 

tabulated cases of tetany follovr- 
ing partial, 314 

technic of, 126 

under local anf athcsia. iH 

under general anssthesia. 95 
Thj-roiditis. 20. I«7 
Thyroparatbyroidectomy. 348 

natural milk feeding after. 335 
Toxic glomerulo-nephritio, ^15 

Bubstance iu the blood, 335 
Toxin hypothesffl of paratbvroid 
teUny. 335 

metabolic. 207 
Trachea, coUaps* of, 1 1« 

how to avoid had results from col- 
lapse of, 117 

nodules preying upon, 130 
Tracheotomy, when to be performed, 
151 
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i human 



of parathyroid gland into 

being. 350 
of parathyroid gland into tibia, 360 
parathyroid gland restorrx! by. IIS 
subcutaneouK, of parathyroid 

gland, 337 
of thyroid gland, 70. 125. 170 
of thyroid gland, selection of ma- 
teria for, 175 
of thyroid sland, teehnic of, 173 
Treatment oi Bxaphtbalmio goitre, 
83, 84 
tum-.-urKival. of c.^oplith.'ilmic goi- 
tre, 77 
of simple goitre. 77 

with electricity, 81 
with Mocbtus' antithyroid in, 1S3 
Tremor, 46 

Trendelenburg position in adminis- 
tering ether, 08 
Trisodic citrate solutions, 346 
Tuberculo.sis, chronic, 261 



Tumors, enucleation of thyroid, 165 
extrathyroideal, 271 
intrathyroideal, 271 
■of parathyroid glands. 270 
of thyroid gland, 32 



Ultra ligation, 219 
Uniform tetany symptoms 

and animals, 320 
Urticaria, 67 
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VnrtHtioii.-i in number of parathyroid 

glandf, 212 
Vein, unterior jugular, 134 
internul jugular, I4ti 
jugular, iDJcctiun uF imruthvrold 

into, ;«S 
lijEutioii of thvroid, IGCI 
superior thvrbiti, l,1-l | 



Wkaknbss, muacular, 4!l 
Weight of parol hyroiil Klaiids, 212 
of thyroid gland. \'-l\) 
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